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ABSTRACT
Three loblolly pine (Plnua taeda L*) plantations were 
established in 1959 and fertilised with granular urea, 
treble superphosphate, and muriate of potash to determine 
the optimum level of soil fertility required for maximum 
early growth of this tree species. The plantations were 
established at three different locations in Louisiana in 
order to test the effects of the food elements under varied 
soil and climatic conditions* One plantation was located on 
Shubuta sandy loam to loamy sand at Homer in the northern 
pert of the state* Another was established on a complex of 
Bowie fine sandy loam, Ruston loam, and Beauregard loam near 
Alexandria in central Louisiana. The third plantation was 
located in the southeastern part of the state on Ruston 
sandy loam to loamy sand in Washington Parish*
The fertilizers were applied by hand to individual 
trees at rates equivalent to 0, 100, and 200 pounds per acre 
of N, P2O5, and KgO* The three nutrient elements were 
applied singly and in all combinations in randomized blocks 
to 0.1-acre plots, each containing 121 trees* Heights of 
the trees were measured before treatment and after each 
growing season* Samples of the topsoil and subsoil from 
each plot were collected before and after fertilization and 
analyzed* Foliar samples were collected at the end of each 
growing season and analyzed to determine the content of
x
nutrient elements In the needles.
The native fertility level of the soils was lower than 
the level required for normal crop production. After ferti­
lisation, the available phosphorus and potassium in the aoll 
Increased in proportion to the amounts of P2O5 •nd KgO 
applied. Two years after the application of fertilisers, 
the available phosphorus and potassium content of the soil 
had diminished measurably from the level at the end of the 
first year.
The statistical analysis of annual and total growth 
revealed that nitrogen and phosphorus significantly in­
fluenced growth In two plantations and that only nitrogen 
Influenced growth In the third plantation. Nitrogen alone 
had a depressing effect on first-year and total growth of 
the loblolly pine on the Shubuta soil In northern Louisiana, 
but phosphorus alone Increased growth. The best treatment 
was superphosphate applied at 100 pounds of P2O5 per acre.
In central Louisiana nitrogen alone depressed growth, 
phosphorus alone Increased growth, but the combination of 
nitrogen and phosphorus provided the maximum growth. The 
best growth was obtained from the application of 100 pounds 
N plus 100 pounds P2O5 P*r acre. Only applications of 
nitrogen alone significantly Increased growth in the south­
eastern Louisiana plantation. The 100-pound level of N 
produced the greatest amount of growth. Nitrogen treatments 
significantly reduced first-year survival in all planta­
tions.
xi
Probably due to the lack of oomplete control In sam­
pling* the percentage composition of foliage samples did not 
show significant relationships between nutrient uptake and 
amount of fertilizers applied. The increase in dry weight 
production of foliage from some of the fertilizer treatments 
may have caused the percentage composition of nutrients to 
tend to be similar.
Additional research with lower levels of nitrogen and 
phosphorus is needed. Better control of variables in the 
collection, handling, and analysis of foliar samples should 
provide worthwhile data on nutrient uptake.
xii
INTRODUCTION
In recent years, foresters have expressed an Increasing 
interest in the use of soil amendments for forest stands.
The practical aspects of applying nutrients to forest soils 
have been verified by both European and Australian foresters. 
Many of their practices, however, cannot be directly applied 
In this country at the present time since our economy will 
not justify such intensive cultural treatments except in 
forest nurseries, seed orchards, or in other specialized 
uses •
However, as management of pine tlmberlands becomes more 
intensive and the value of forest products increases, the 
need for adequate nutrition of the tree crop on poorer sites 
leads directly to the hypothesis that fertilization may 
become an economically essential part of future forest man­
agement, In numerous Instances, fertilizing forest stands 
may be needed on eroded or inherently infertile soils In 
order to shorten the rotation and enable the economic pro­
duction of a forest crop.
Lacking basic research data, many forest owners in the 
South have instituted their own fertilizer trials on a 
limited scale and for a multiplicity of purposes. In order 
to provide a sound economic basis for fertilizing forest 
trees, research should include the development of a method 
for determining the optimum level of soil fertility for each
2
tree species, establishing a means for detecting nutrient 
deficiencies In trees, and determining the amount of ferti­
lizer necessary to meet the nutrient requirements of a 
species for each soil type In each forest region.
In view of the growing Interest in fertilizing forest 
stands, the Louisiana Agricultural Experiment Station 
initiated a forest fertilization study In 1959 to satisfy, 
at least in part, the demand for basic research data. The 
study necessarily had to be restricted within relatively 
narrow limits at the start, but It can be progressively 
expanded in the future to supply data on tree and wood 
quality, volume growth and yields, seed production, and 
other factors as Influenced by fertilizers.
The primary objective of the study was to determine the 
level of fertilization needed to supply the proper amounts 
of nutrient elements required for maximum initial growth by 
young loblolly pine (Plnus taeda L,) at selected locations, 
Kn Important seoondary objective was to determine the mini­
mum nutritional requirements for this southern pine species 
for satisfactory growth on the soil types Involved. The 
possibility was considered that forest fertilization In the 
future may be based on the nutrient level present In the 
proposed planting site as determined by a chemical analysis 
of the soil.
No particular economic significance should be attached 
to this study. An sttempt was made to control or eliminate 
as many growth-affecting variables as possible to allow the
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pine seedlings to receive the maximum effect of the fertili- 
zeri* Fertiliser applications, insecticide and herbicide 
applications, weed control, and other cultural treatments 
were accomplished largely by manual labor, which la always 
an expensive Item. The costs of such Intensive cultural 
treatments may be prohibitive for normal forest production.
REVIEW OP LITERATURE
It la noteworthy to mention in the beginning the exeel- 
lent bibliography with abstracts which has been compiled by 
Donald P. White and Albert L. Leaf and published in 1957 by 
the State University College of Forestry, Syracuse, Hew 
York, as the World Forestry Series Bulletin Number Two 
(75)^* Entitled Forest Fertilization, this bibliography 
gathers under one cover most publications through the fall 
of 195b relating to all of the various phases of forest 
fertilization. Included are 700 references on the use of 
fertilizers and soil amendments in forestry from 237 differ­
ent journals throughout the world.
In addition, a rather extensive review of the litera­
ture on fertilizing forest trees as well as forest nursery 
fertilization has been accomplished by Stoeckeler and 
Arneman (62) In Volume 12 of Advances in Agronomy. A com­
prehensive review of literature restricted to fertilization 
and nutrition of southern forest trees Is Included In Forest 
Fertilization Research in the South by Walker and Tisdale 
(72).
In view of the numerous references cited in the above 
works, this chapter will be restricted in the main to a 
coverage of the principal references dealing with the
^Numbers in parentheses refer to literature cited.
k
5
history and currant status of forest fertilization, some 
general problems involved in fertilizing forests, and the 
use of fertilizers In the growth of the four principal 
southern pines. A few outstanding results with other tree 
species in the United States will also be covered to illus­
trate the broad usage of fertilizers in forestry. Refer­
ences on the use of fertilizers and other soil amendments 
in the specialized fields of forest nurseries, seed 
orchards, and Christmas tree production are excluded so that 
this chapter may be confined within practical limits.
History and Current Status of Forest Fertilization
According to Wilde (7t>), work in forest fertilization 
was first started over 100 years ago in Europe by Blermann. 
Most of the old work showed positive results with green 
manure crops such as lupine and with organic remains, humus, 
forest litter, and slash. Effects of mineral fertilizers 
were irregular and short-lasting. Some trials gave espe­
cially good results on stands injured by drought, fire, in­
sects or diseases and on worn-out soils. On the other hand, 
in many cases mineral fertilizers failed to improve and 
often depressed tree growth. As would be expected, the 
effects of applied fertilizers were most pronounced on soils 
of low general fertility or soils deficient in a specific 
nutrient.
In many European countries, the use of commercial
6
fertilizers and especially lime has become an important part 
of the silvicultural treatments (blj.); the objective of 
adding lime has been as a soil conditioner rather than as an 
essential nutrient element.
Since World War II, many of these countries, particu­
larly Great Britain, Sweden, Denmark, Holland and Germany, 
have expanded their research programs aimed at speeding up 
the re-establishment and production of timber resources 
depleted during the war. The use of fertilizers is 
emphasized in this European research work (83)*
Tn Australia, the use of fertilizers in forestry has 
been standard practice for 25 years. Fertilising with zinc 
and superphosphate has often spelled the difference between 
non-commercial and commercial forests (86), Australian 
plantations of southern pines are extensively fertilized, 
particularly with phosphatic fertilizers, and much research 
has been done to determine the kinds and amounts of ferti­
lizers required under the soil and climatic conditions 
prevailing in the areas of forestation (85).
American experience with soil amendments in forestry 
largely is restricted to the past twenty years. Prior to 
that time, the use of fertilizers as a general practice in 
forest management was considered ineffectual In terms of 
yield increases and impractical from the standpoint of 
diffioult accessibility and lack of suitable application 
techniques. As a result, there was very little research 
effort directed toward the use of fertilizers in forestry
7
practice (7i*.)«
Within recent years, however, the Improved economic 
picture for forest lands and forest products has stimulated 
Interest In the possibility of Increasing forest tree pro­
duction or quality by means of soil amendments. Major 
activity la still In the Investigative and developmental 
atages. Research In several Important forest regions 
already has demonstrated the possibility of achieving some 
incressed production with all the major and some of the 
minor elements. However, except for specialized use, forest 
nursery management, plantation establishment, or local 
problem areas, the economy of forest fertilization remains 
to be proved (31).
Walker (68) has stated: "While the economics of fer­
tilizing southern pines may be questionable today, the 
situation Is expected to be otherwise In 1967*••• We must 
know the effectiveness beforehand; ... we can forecast that 
the cost of application will fall Into line."
Numerous forest industries In the South, laoklng basic 
tree nutrition Information from experiment stations and 
other research institutions, are engaged In forest fertili­
zation trials, studies and experiments. The broad general 
objectives of all these forest Industries is to determine 
the effects of fertilization on the growth, development and 
production of tree cropa, to evaluate these effects and. In 
turn, to determine the practicability of fertilisation as an 
economically feasible silvicultural technique for Increasing
8
the production of deaired products from forest lands (3U-)*
Because of the Interest in fertilization exhibited by 
the forest industry, the National Plant Pood Institute, on 
behalf of its member companies, approximately two years ago 
formed the Southeastern Forest Fertilisation Task Force 
under the direction of Dr. Laurence C. Walker of the Univer­
sity of Georgia. As the result of their study of forest 
fertilization and tree nutrition research in the South, the 
NPFI established a clearing house through which synopses of 
the various research projects in forest fertilization are 
distributed to all Institutions, agencies and forest indus­
tries engaged in this field. A summary of forest fertili­
zation research was published In 1959 by the NFFI In Forest 
Fertilization Research in the South by L. G. Walker and 
S. L. Tisdale (72).
General Problems In Forest Fertilization
As stated by Willis (78), "even a casual examination 
ol the literature on the response of forests to fertilization 
will reveal a variety of conflicting results." The diverse 
soil, topographic and climatic conditions, Inherent varia­
tions both among and within tree species, and the very 
nature of the growth habit of trees should help to explain 
some of the variation in fertilizer responses. Add to this 
list the variable physical and chemical nature of the 
fertilizer Itself, difficulties of terrain and tree growth
9
In Its application, the lack of adequate knowledge in basic 
tree nutritional requirements and the general problems of 
forCst fertilization are clearly outlined.
Among the many factors which affect the over-all field 
of forest fertilization are: the chemical and physical
nature of the soil and the general topography of the land; 
the chemical and physical nature, rate and time of applica­
tion, and placement of the fertilizers used; competition 
from grass and other plants; species of tree fertilized; age 
and density of stand; and perhaps of most Importance —  the 
nutrient requirements of the various forest tree species.
Wilde (7b, 77) has attributed the failure of early 
fertilizer trials to insufficient knowledge of soil chem­
istry, fertilizers and tree nutrient requirements; to com­
petition from grass which the fertilizer stimulated and 
deprived trees of moisture; and to drought periods which 
offaet fertilizer treatments and caused either burning by 
mineral fertilizers or a lack of adequate moisture on peat 
soils or with the use of organic fertilizers. Forest soils 
are often deficient in only one or two elements and rarely 
la a complete fertilizer needed, according to Wilde.
The importance of the soil itself ia stressed by Wilde 
(77) in these words: "The concept of fertilizer responsive­
ness of soils should be placed in the foreground of all 
forestry fertilization work...". Such factors as water- 
holding capacity. Internal drainage and aeration, and 
Inherent nutrient status certainly affect the response of
10
•oils to fertilizer additions.
Soils of good water-holding capacity have shown more 
consistent responses to fertilizer applications than coarse 
sandy soils (7b)* However, nitrogen responses with Douglas- 
fir (Paeudotauga menzlesll ^firb^/ Franco) on droughty soils 
In the Puget Sound region and phosphate responses with slash 
pine (Plnus elllottll Engelm,) on deep sands in Florida sug­
gest that even where moisture may he limiting supplemental 
additions of nutrient elements may well be beneficial (8b), 
Many soil properties have a distinct effect on nutrient 
availability. The amount of nitrogen, for example, is 
largely determined by the amount and kind of organic matter 
present In the soils of humid climates and nitrogen avail­
ability from this organic matter depends In turn on soil 
reaction and other factors which Influence biological 
activity (1+2). The availability of other nutrient elements 
depends on the pH of the soil (65), The majority of the 
elements are not highly available at pH below 5,5; many 
forest soils have a pH below this point. The same factors 
which affect inherent nutrient availability will also affect 
the availability of any nutrients applied as fertilizers.
The physical problems involved In forest fertilization 
were adequately stated by White and other members of the 
Committee on Fertilizer Application in Forestry (71+) :
Only the ancient hand broadcasting method 
applied from buckets between rows or around indi­
vidual trees was employed /To early fertilizer 
applications/. In dense stands where visibility Is 
often limited to a few feet, crews had to be kept
11
oriented by string lines et 20- to 50-foot inter­
vals, As little as one man-hour and as many as 10 
man-hours per acre were required In plantations 
depending on the density and irregularity of the 
rows* Roughness of topography, inaccessibility, 
density of stands, interlocking of branches, brush 
and debris, all combine to preclude the use of any 
conventional type of appllcating machinery. Even 
If it should prove desirable to fertilize tree 
crops before or within a few years after plant­
ing,, ,, the general topography in many forest areas 
is unsuitable to wheeled or tracked machines moving 
in a regular pattern. The use of liquid sprays, 
although technically possible, is not at all prom­
ising because of the excessive quantities of water 
which would have to be transported and the expense 
of operating pumper equipment.
Solubility, physical form, end certainly the chemical 
composition of fertilizer materials ere just as Important 
in fertilizing forests as in agricultural crops. The 
Japanese worker Shibamoto (bO) has listed the following 
properties desirable in a fertilizer for use in forestry:
(1) Minimum leaching out by rein water and percolating 
waters and minimum loss of fertilizer constituents by fixa­
tion by iron and alumina in the soil, by dispersion, etc.;
(2) Long continuance of fertilizing action;
(3) Absence of fertilizer burn;
(I4.) Intense fertilization action;
(5) Effectiveness in increasing productivity of the 
soil and absence of ill effects even after repeated use;
(6) Low cost with respeot to both fertilizing action 
and effectiveness in increasing soil productivity;
(7) Ease of application; and
(8) Ease of transportation and storage,
Pritchett and Perry (53) have pointed out that the
12
placement of fertilizer, as well as the rate, must be 
considered when fertilizing young pine* Fertilizer placed 
too far from the trees may be lost by leaching and when 
placed too close It may burn young trees. Even a very small 
amount of soluble fertilizer placed in the planting slit may 
cause damage If it la placed In contact with the roots* 
However, deep placement of fertilizer, below or to one side 
of the roots at planting, has been suggested as one means 
of promoting early tree growth end reducing competition 
from weeds.
York (02) has drawn an analogy between fertilizer 
placement in forestry and in agricultural practice* He 
stated that although problems of fertilizer placement are 
undoubtedly more complex with forest species than with most 
agricultural crops, many of the principles involved are the 
same. Fertilizers should be placed to afford: (1) maximum
utilization by the plant by making the applied nutrients 
easily accessible to the roots with minimum losses from 
leaching and fixation; (2) minimum burning or other inju­
rious effects; and (3) minimum stimulation of weeds or 
other competitive plants* York pointed out that "proper 
fertilizer placement is particularly important with young 
plants having limited root systems and where competition 
is a major problem".
The response to fertilization varies between tree 
species* Hardwoods generally have shown a greater response 
than conifers (7b)* Conifers (pine, spruce, fir) apparently
13
have somewhat lower nutrient requirements than hardwoods 
(maple, ash, popler). However, the conifers have been used 
almost exclusively for large-scale reforestation, often on 
the poorer soils, so that most Instances of nutrient 
deficiency have been reported with these species (31)*
Before methods of application of fertilizers in forest 
areas become of too great concern, many other questions need 
to be answered. For example, Fowella (22), Youngbarg (80), 
and others have stated that the first task in the field of 
forest fertilization is to establish the nutrient require­
ments of the major commercial species and ultimately the 
response of each species on a multitude of forest soils*
In addition, the kinds of fertilizer materials (slowly 
soluble versus readily soluble materials), rates of appli­
cation, time of application (both in regards to season of 
year end age of stand), and the fertilizer responsiveness 
of the soils need to be thoroughly explored*
Work in the Fertilization of Southern Fines
Loblolly Pine (Pinus taeda L.):
Probably the most outstanding responses from fertiliser 
applications to loblolly pine plantations have been reported 
from Australia (13# 37# kS» 55, 8U# 85). Both loblolly 
and slash pine have been planted extensively in regions very 
similar to the southeastern United States with respect to 
climate* Much of the soil, however, is deficient in
14
phosphorus so that these pines often exhibit a "fused 
needle" oondition associated with a stunting of the tree 
and a twisting and adhesion of the needles in each fascicle 
Application of phosphatlc fertilizers has been used 
since 1939 to correct this oondition as well as economically 
increase volume growth* Application of 250 pounce of super­
phosphate per acre resulted in an 18.1 percent Increase in 
tree volume of loblolly pine in Hew South Wales the third 
year after treatment compered with 9*U percent for non­
fertilized trees* This increase was nearly enough to repay 
the cost of fertilizing (37)* Young (85) has reported that 
rock phosphate applied at rates of llpb to 98b pounds per 
acre was as effective as superphosphate applied at rates of 
190 to 1580 pounds per acre.
Perhaps the oldest study on fertilization of loblolly 
pine plantations in the United States was undertaken in 1950 
by the North Carolina State College School of Forestry (38), 
The four plantations used in the study were 6, 9# 12, and lb 
years old when the first application of fertilizer was made. 
Measurable responses to nitrogen applied at rates of 80 and 
lbO pounds per acre, alone and in combination with P and K, 
occurred in each of three consecutive years. This response 
amounted to a i^O-peroent increase in wood production on 
plots receiving lbO pounds per acre of N over the control 
plots*
A fertilizer study at the University of Georgia 
involving loblolly pine seedlings from the same parent tree
15
produced better growth and higher survival rates in check 
plots then In fertilized plots (68). Decreased growth and 
survival were apparently caused by the stimulation of weed 
growth which, in turn, reduced moisture to a critical level 
for the first-year pine seedlings. Auten (6), working on 
North Carolina coastal organic soils, found no significant 
height growth response of loblolly to phosphorus and minor 
elements.
While most responses to fertilizer have occurred on 
soils of low fertility, a study In southern Arkansas 
measured the growth response and mineral uptake of ferti­
lized loblolly pine In established plantations on average 
and above-average sites (87). Six fertilizer treatments 
were broadcast by hand In March, 195*4., to plots in three 
plantations, aged I4., 5, and 8 years. The fertilizer treat­
ments included nitrogen fit 100 and 300 pounds per acre; 300 
pounds of N plus 200 pounds of 1*2̂ 5 an(* ^ 0  pounds of KgO 
per acre; 300 pounds of N plus 200 pounds per acre of minor- 
element fertilizer containing Fe, Zn, Cu, Mn, Bo, and Mg; 
a combination of N, P, K, and minor elements; and a non­
fertilized control. Height growth was not affected by any 
fertilizer treatment tested but diameter growth was stimu­
lated for two years by nitrogen fertilizer (ammonium 
nitrate) with no increase shown by the addition of phos­
phorus, potassium or minor elements. Three hundred pounds 
of N per acre gave better growth than 100 pounds the second 
year, but not the first. Foliar analysis showed that N was
lt>
absorbed In proportion to the amount applied, but after 
three years the nitrogen content of fertilized needles 
diminished to the level in the control trees. The total 
five-year diameter growth increase amounted to 10 percent 
for a single application of 100 pounds of N per acre.
A small pilot study of the effect of soil moisture and
soil fertility on the growth of newly-planted loblolly pine 
on Grenada silt loam soil is being conducted by the Crossett 
(Arkansas) Research Center. The soil has been kept at 
approximately 80 percent of field capacity by applying two 
inches of water per week during the growing season. Each 
year 2 5 0 pounds of 1 0 -2 0 - 1 0 fertilizer per acre have been 
applied in April followed by an additional 250 pounds of 
ammonium nitrate in June. After five growing seasons, 
height growth has been significantly increased due to water­
ing but not by the fertilizer treatments. However, both 
fertilizer and water have significantly increased diameter 
growth, with the fertilizer having the greater effect. Five
years after planting the control trees averaged 25.0 feet in
height and inches in diameter, watered trees 2 9 . 0 feet
and 5 * 0 inches, fertilized trees 26.0 feet and 5.5 inches, 
but the watered plus fertilized trees were 29.5 feet and 
5.3 inches in height and diameter, respectively (1 7 ).
Work at Mississippi State College on fertilization of 
outplanted loblolly pine showed height growth response to 
1 5 0 and 3 0 0 pounds per acre of nitrogen after three years 
in the field (b8 ). In a pole-size stand on poor sandy soil,
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growth of 12k oublo feet per eore ie reported and on another 
area 80 pounds of N per acre gave a response in height 
growth (70).
In 1957t the Tennessee Valley Authority applied several 
combinations of N. P. and K In the bottom of the closing 
slit made by bars In planting one-year-old loblolly pine In 
Alabama. Survival at the end of one year was highest for 
the unfertilised trees and ranged down to only four percent 
for some of the more heavily fertilized trees. The Southern 
Forest Experiment Station has three studies designed to 
determine the effect of treatment level and frequency of 
application of various fertilizers, especially nitrogen, on 
the growth rate of young loblolly pine —  two In Arkansas 
and one in Alabama (21).
Many of the forest Industries in the South are also 
conducting fertilizer trials with loblolly pine. Although 
results are yet too meager and Inconclusive, several of 
these studies Indicate a response In height and/or diameter 
growth (3U)*
Symptoms and correction of nutrient deficiencies and 
nutritional requirements of loblolly pine have also been 
studied. As early as 1937* Addoma (1) found that loblolly 
pine seedlings grown In sand cultures could utilize N in 
either the nitrate or ammonium forms. The nitrate form was 
better under acid conditions while the ananonlum form was 
better In soli reactions around pH 6. Addoma stated that 
loblolly pine probably gets Its nitrogen In the ammonium
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fora since little nitrification occurs In forest soils.
Fused needle disease In Australia has been corrected by 
application of phosphate (lj.5# 55# 8!j., 85). According to 
Richards (55)# a minimum total P2O5 content of 135 ppm. In 
the surface soil Is required for healthy growth of loblolly 
pine In Australia and the optimum phosphate content appears 
to be about 210 ppm. These values have been accepted as the 
basis for fertilizing loblolly pine and, where the soil 
analysis shows the total P2O5 content to be deficient# 
sufficient superphosphate or rook phosphate Is added to 
bring the total P2O5 figure in the top four Inches of soil 
to 150 ppm. (14-5).
In greenhouse studies# Fowells and Krauas (2k) found 
that loblolly pine growth was best at levels of one ppm. of 
P and 25 to 100 ppm. of N. Woodwell (80)# on the other hand# 
found the P and N requirements to be higher* He proposed 
that the optimum range of the six macroelements for loblolly 
pine were, in ppm.: 75-t>00 N, I4.O-6 OO P, 25-300 K# 12-100 3#
20-100 Ca# and 25-100 Mg.
Davis (19) has reported calcium deficiency symptoms of 
loblolly pine and Wilson (79) described zinc deficiency 
symptoms at less than 0.1 ppm. of Zn# but nitrogen# phos­
phorus and potssslum deficiencies or requirements have not 
been adequately explored. However# some work has been done 
on the absorption and translocatlon of these nutrients# 
particularly with radioactive phosphorus (3b# 1|.3# Sk» b9).
Walker (b9) fertilized three-yesr-old loblolly pine
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trees In early June with phosphoric acid tagged with P-^ at 
an equivalent rate of 1 0 0 pounds of Per acx,®» He found
that two days after application to the soil surface more P 
was found In low-positioned needles than at any other time, 
indicating the rapid uptake of phosphorua by the trees* 
One-year-old needles contained slightly more radioactive 
phosphorus than the current year's needles*
Greenhouse studies have indicated satisfactory nutri­
tion of loblolly pine having foliar concentrations of O.llj. 
to 0,16 percent P and 1,7 to 2,3 percent N (2lj.). Fowrells 
(2 3 ) has also reported a significant correlation between 
site index and phosphorus concentration in the foliage of 
loblolly pine growing along the coast from Maryland to 
Florida, This would suggest that the supply of phosphorua 
in the soil may be limiting to growth of loblolly pine in 
some locations.
Seasonal changes in foliar nitrogen of 8 -year-old 
loblolly pine following several levels of nitrogen ferti­
lisation are being studied in Arkansas (21),
Other current research with fertilizers and loblolly 
pine are briefly mentioned by Doolittle (21) and by 
Johnson OU),
Slash Pine (Pinus elllottil Engelm,)
In Australia, slash pine has responded to applications 
of phosphates with increased growth and correction of the 
"fused needle" disease in the same manner that loblolly pine
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has, Richards (55) has reported that the minimum total 
content In the surface soil is about 110 ppm* for healthy 
growth of slash pine in Australia and the optimum phosphate 
content appears to be 150 ppm* As a general practice, the 
total figure in the top four inches of soil is brought
up to 120 ppm* by the addition of phoaphatic fertilizers 
(1+5) • Results of work conducted in the same country by 
Young (85) revealed increased growth and disappearance of 
the deficiency symptoms from hand-broadcasted applications 
of 33b pounds per acre of rock phosphate and 772 pounds per 
acre of superphosphate* Ammonium phosphate, on the other 
hand, produced less favorable and even unfavorable results* 
The value of the increased wood production was considered 
more than necessary to pay for the fertilizing costs*
One of the earliest experiments on fertilizing slash 
pine in the United States was reported by Boggeas and 
Stahelln (12) from Alabama. Fertilized and cultivated 
8-year-old trees produced one and one-half times the volume 
of the untreated trees* Each fertilized tree received 0.3 
pound of 1-5-)+ fertilizer plus a side dressing of 0.1 pound 
of sodium nitrate for three years after the trees were 
planted* A third series of plots were intercropped with 
cotton receiving 325 pounds of 6-8-1+ fertilizer per acre in 
addition to the fertilizer applied to the individual trees* 
The fertilizer and cultivation also produced a detrimental 
effect since twice as many treated trees were Infected with 
fusiform rust (Cronartlum fuslforme) than unfertilized trees*
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The same study was remeasured after the 19th growing 
season and the results reported by Gilmore and Livingston 
(27)* They found no significant differences in diameter or 
height growth between treatments, but they did find a 
significant difference of about 21 percent between the 
volume of the control plots and the volume of the highest 
fertilized plots,
Barnes and Ralston (7) reported improved height growth 
of two slash pine plantations in Florida seven years after 
application of colloidal phosphate. Trees receiving one- 
half ton per acre broadcast averaged 26 percent taller than 
control trees. The same rate of colloidal phosphate disked 
into the soil increased height by 30 percent and, when 
applied in four-foot strips and disked, resulted in an 
increase in height of I4.8 percent. However, four teaspoon­
fuls of the material in the planting hole gave no signifi­
cant increase.
The same plots were remeasured in March, I960, and the 
results reported by Pritchett (52), Trees in plots receiv­
ing one-half ton of colloidal phosphate per acre, broadcast 
over the entire surface and disked or applied in alternate 
four-foot strips and disked, were significantly taller than 
trees in control plots. The fertilized trees continued to 
grow at a slightly faster rate than the trees in the control 
plots although the differences were not as great as 
previously.
In a 12-year-old open stand of slash pine in Florida,
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fertilizer was applied In March, June, and August each year 
for four years with a total annual rate of £>00 pounds per 
acre of N and varying amounts of ^2 ®, and minor
elements. Seven years after the first application, ferti­
lizers had Increased growth by 37 percent while gum yields 
rose 23 percent (39)*
In Georgia, surface applications of ammonium nitrate 
in March produced an appreciable Increase in stem growth of 
slash pine during the first growing season after treatment 
(32), Better growth resulted from 50 pounds per acre than 
from a 2 0 0 -pound rate.
In another study In Florida, a response to nitrogen, 
phosphorus and calcium from fertilizing slash pine at the 
time of planting on a poorly-drained "flatwoods" soil in the 
Leon series was notable a year later. On the well- to 
excessively-drained Lakeland series, nitrogen and potash 
burned the seedlings but a response to phosphorus was 
apparent. The equivalent of 100 pounds per acre of N-P-K 
was applied in a slx-Inch band around the seedling, six 
inches from its base. No response to minor elements, in­
cluding Mn, Zn, Cu, Mo, B, and Fe, was evident a year after 
treatment (0 8 ),
Other research on fertilizing a youny slash pine 
plantation in South Georgia has shown a highly significant 
response In height growth a year after application. Trees 
in unfertilized check plots averaged 22,5 Inches while 
fertilized trees exceeded 30 Inches for the high N-P-K
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application. Fifty pounds per acre of P2 O5 applied in two- 
foot bands around the young trees gave the greatest single 
response. Nitrogen, when used alone, gave highly signifi­
cant depressing effects (t>8 ).
In a similar experiment in South Georgia, a nine-year- 
old slash pine plantation was treated with broadcast 
applications of bOO pounds per acre of ammonium nitrate 
(200 pounds per acre N) and $00 pounds per acre of 20 
percent superphosphate (100 pounds per acre P2O5 ). After 
one year, diameter growth on the nitrogen-treated plots was 
better than on the check and phosphorus-treated plots and 
the second year showed a highly significant difference In 
favor of the nitrogen treatment. Height growth differences, 
however, were not significant (7 1 )*
Pritchett and Perry (53) have reported that the growth 
response of slash pine in Florida to phosphorus fertilizers 
was related to the soil type and the soil phosphorus 
reserves. They found few Increases In growth resulting from 
nitrogen and potassium fertilizers, due perhaps to the use 
of improper retes and methods of application. They reported 
that young trees were "burned" or growth suppressed where 
the concentration of either N or KgO was 1 $ 0 ppm., the 
equivalent of 300 pounds per acre broadcast. No response 
was obtained from ary minor elements tested, but lime 
produced better growth in young trees on poorly-drained 
soils, probably related to increased nitrate production 
caused by the raise in pH.
2k
Growth measurements taken five years after fertilizer 
had been applied to a 22-year-old slash pine plantation In 
Florida showed substantial increases in diameter and height 
growth that were correlated with fertilizer applications.
A 7-7-7 mixture applied at rates of 20 and 1̂0 pounds per 
tree (broadcast under the crown projection of each tree) 
caused Increases in basal area growth of 2? and 32 percent, 
respectively, over the control plots. A mixture of 3-10-b 
applied at 20 and 1+0 pounds per tree caused increases of 
17 and 27 percent, respectively (lj.0).
Preliminary growth responses to phosphorus, applied as 
ordinary superphosphate, in three slash pine seed orchards 
In Florida were reported by Pritchett (52). The fertilizer 
materials were applied annually in early spring in a three- 
foot radius around the base of grafted trees one year after 
being transplanted. Three rates of phosphorus -- 0, 2, and 
ounces of 1*2̂ 5 Per ^ree w*re applied in combination 
with nitrogen and potash on Norfolk fine sandy loam with an 
extractable ^2^5 content of 5-7 ppm. There was no signifi­
cant effect of added phosphorus on height growth of these 
trees from October, 1957# to February, 1960.
In the seoond seed orchard on Norfolk and Ruston loamy 
fine sands, with extractable p2°5 contents of 1-3 ppm., N, 
P2O5# ®nd K2O at 0, 2, and I4. ounces per tree were applied 
annually from 1957* Significant growth responses associated 
with phosphorus and nitrogen fertilizers resulted two years 
after treatment. In the third experiment, a significant
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Increase In height was obtained from the use of three ounces 
of P2 ° 5  Per over that obtained from the one-ounce
application. This was on Lynchburg sandy loam with an 
original extractable P2 O5 content of 1+-8 ppm.
The response of potassium and nitrogen fertilizer on 
the same soils was also determined. In the case of potas­
sium, only on the Lynchburg soil, containing 35-1+0 ppm, KpO, 
was growth significantly Increased by the addition of three 
ounces of K£<) per tree. On a Plummer sandy loam, signifi­
cant growth Increases resulted from the application of one 
ounce of K2 O in combination with 0 , 1 , and 2 ounces of 
nitrogen per tree. Again the initial extractable K2 0 
content was very low, being only 30 ppm. Significant growth 
responses to additions of nitrogen were obtained on the 
Norfolk and Ruston loamy fine sand and on Plummer sandy 
loam, Pritchett also reported reduced survival and growth 
of young slash pines when fertilized with high rates of N 
and K2 0 ,
Other current research in fertilising slash pine has 
been reported by Doolittle (21), Johnson (31+), Walker (fc»8 ), 
Walker and Tisdale (72), and others.
Longleaf Pine (Plnua paluatrla Mill.)
Some of the earliest work on longleaf pine fertiliza­
tion was reported by Paul and Marts (1+8) from Florida, Up 
to 2 7 0 pounds of sodium nitrate and ammonium sulphate per 
tree, plus 21+5 pounds of superphosphate and 18 9 pounds of
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potasaium sulphate per tree, were applied over a three-year 
period to trees ranging from 100 to 250 years old and 
growing on deep sands. Summerwood was Increased with 
nitrate fertilizer, while springwood growth was Increased 
by the complete N-P-K fertilizer treatment. Needles were 
also longer, darker, and more persistent when trees received 
a complete fertilizer.
In 1937» Pessin (50) studied the effects of the 
deficiency of seven essential mineral nutrients on the 
growth and development of longleaf pine seedlings, using 
nutrient solutions. The lowest dry weight of seedlings were 
grown in solutions lacking potassium and Iron, but symptoms 
of nitrogen, phosphorus, and potassium deficiencies were 
also noted.
As early as 1939, fertilizer was applied to longleaf 
pine in south Mississippi in an effort to stimulate its 
early height growth and thereby shorten or avoid the period 
of extremely slow early growth characteristic of the species 
under usual field conditions (51). Ammonium sulphate at lj.00 
pounds per acre produced no response other than to decrease 
survival due to a stimulation of grasses. At that time, it 
was theorized that longleaf nutrient requirements are low 
and it can obtain optimum nutrient requirements from the 
soil without the need for fertilizers.
Derr (20) also found that fertilizers reduced survival 
of longleaf significantly and failed to Improve growth 
except where competition was most effectively removed. The
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6-18-5 fertilizer, at a rata equivalent to about 100 pounds 
per aore, was poured into the closing slit made with the 
tree planting bar. There was some evidence of fertilizer 
injury; however, the detrimental effeots of the fertilizer 
were mostly indirect through the stimulation of competing 
grasses and weeda.
Other fertilizer studies have ahown a response in 
growth, Longleaf pine seedlings grown In a sandy soil, an 
eroded soil, and a topaoll responded to a complete N-P-K 
fertilizer in their first year, but not to the addition of 
nitrogen alone (2), In southwestern Louisiana, Bateman and 
Roark (8, 9, 10) obtained increased longleaf growth with 60 
pounds per aore N, 60 pounds per aore P2°5> and 60 pounds 
per aore K2O, but this Increase was later masked,
Shortleaf Pine (Plnus echlnata Mill,)
Most of the research on fertilizing shortleaf pine was 
done in attempts to correct llttleleaf disease prevalent in 
this species on many soils. According to Roth, ejfc ml, (56), 
shortleaf pinea with llttleleaf disease show a marked 
deficiency of nitrogen and calcium in the foliage and a 
somewhat lower Mn, Al, and Cu content than healthy trees.
In extensive fertilizer experiments, only soil amendments 
with large amounts of inorganic N were effeotive against the 
disease. Nitrate or ammoniaoal N, at rates exceeding 200 
pounds of available N per acre, prevented the onset of 
llttleleaf to a notable degree and either cheoked the
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diabase or induced noticeable improvement in diseased trees. 
Salta or combinations of salts of lit other elements had no 
beneficial effect when applied to the aoll or as foliage 
sprays, or both. The dlseaae seema to be associated with a 
failure to assimilate an adequate amount of nitrogen from 
the soil, for there waa no nitrogen deficiency In many of 
the soils involved. Tt Is highly probable that the failure 
to absorb enough nitrogen Is due to Insufficient mycorrhlzae 
and the killing of fine roots by soil fungi.
An appraisal of the effects of the fertilizer treat­
ments on the diameter growth of the apparently healthy trees 
failed to reveal Important wood volume Increases In trees 
under 12 inches in diameter. However, trees fertilized with 
3-9-6 at 2,000-pound rates in combination with enough 
nitrate of soda to bring the available nitrogen up to 220 
pounds per acre did grow significantly faster in annual 
diameter Increment than before fertilization (58).
In another study (57)* applications of nitrogen and 
calolum allowed shortleaf pine to overcome llttleleaf 
disease. After a year, the foliage had normal amounts of 
nitrogen and calcium whereas the needles from the same trees 
before fertilization were unuaually low in these elements. 
Growth increases in healthy 30-year-old trees receiving 
nitrogenous fertilizers were also reported.
Boggess and Gilmore (11) obtained a significant 
increase in diameter growth of shortleaf pine by a March 
broadcast application of 100 pounds per acre of nitrogen on
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a silt loam loess soil of southern Illinois* The addition 
of 1 0 0 pounds per acre of P2 ° 5 t'cie treatment
produced a smaller Increase*
Cummings (18) applied 27 different mixtures of ferti­
liser supplying 4 , or 3/U gram each of N, ftnd K2°
per tree to shortleaf pine in Ohio without marked growth 
increase through the first two years. He suggested ferti­
lizers with low nitrogen, high phosphorus, and very low 
potassium for further tests on shortleaf pine*
In a greenhouse study, Hobbs (30) obtained a highly 
significant reduction in growth of shortleaf seedlings In 
sand cultures lacking N, P, or X. Distinctive deficiency 
symptoms, based on three years of observations, were noted. 
Wilson (79) found that 0.1 ppm. 2 lnc is necessary for normal 
shortleaf pine growth; seedlings with less zinc had 
abnormally small needles.
Work with Species Other than Southern Pines
Responses from fertilizer applications to commerclally- 
important tree species In two other regions of the United 
States are worthy of mention* The first deals with pine and 
spruce plantations growing on potassium-deficient soils of 
New York and the second with Douglas-fir in the Pacific 
Northwest*
Experiments in the application of potash fertilizers to 
stagnated pine and spruce plantations on coarse sandy
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out wash, soils in Nsw York were started over 25 years ago by 
S. 0* Heiberg and have continued to the present. A single 
application of 200 pounds of potash fertiliser per aore 
produced a very rapid increase in height growth that lasted 
for many years (73)*
Extreme deficiency symptoms developed in stands of 
eastern white pine (Plnua atrobua L.)* red pine (P. reslnosa 
Ait.)* white spruce (Plcea glauca ^loench/ Voss), and Norway 
spruce (P. ables Karst.) only 5 to 6 years after plant­
ing on soils cultivated for more than a century before 1927. 
In the first trials* soil mulches of logging debris and 
forest humus and applications of a complete commercial 
fertilizer produced a strong growth response. Applications 
of CaO, NaNOj, (NH^)2S0^* Cs3(P0^)2, and KC1 in 191+3 and 
191+6 on red pine plots resulted in a strong growth response 
to the KC1 only. Subsequent fertilization of deficient 
eastern white pine* white spruce, and Norway spruce resulted 
in a pronounced response of all to potash fertilizers even 
at the end of one growing season. Two-hundred pounds per 
acre of KC1 applied in 191+3 increased annual height growth 
over control plots by from 1+6 to 101+ percent. The effect of 
this potash application was still continuing in 191+9 growth. 
Chemical analyses of needle tissue revealed extremely low 
potassium contents where deficiency symptoms existed (28* 
29).
Recently* fertilization of Douglas-fir in the Pacific
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Northwest has produced ao.ne outstanding responses on soils 
of generally low fertility* Gessel and Walker (26) reported 
very marked response in height growth of 15- to 20-year-old 
natural Douglas-fir stands to nitroren fertilization on poor 
sites in western Washington* Larger, more vigorous trees 
responded more than smaller trees* In a later report ( 2 $ ) t 
the growth response of a 30-year-old Douglas-fir stand was 
measured in terms of diameter increment. Nitrogen was 
applied Initially in 1950 at the rate of 100 pounds per 
acre; subsequent yearly additions brought the five-year 
total to 350 pounds. Initially 150 pounds of P2°5# 30 
pounds of KgO, and 50 poun< a of lime per acre were also 
applied. The fertilizer treatment resulted In accelerated 
diameter growth, particularly In the larger diameter 
classes, and in accelerated volume growth on both a tree 
and a stand basis.
General Observations from Review of Literature
From the preceding review of the literature dealing 
with the fertilization of southern pines, several important 
features should be noted.
(1) With the exception of a few nutritional studies In 
greenhouses, most of the research on the use of fertilizers 
has been accomplished since 1950*
( 2 ) Much of the research was more of an "applied" than 
a "basic" nature, since it was concerned primarily with
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growth responses and neglected the more basic matters such 
as nutrient uptake. It is encouraging to note, however, 
that about 1^5 percent of the current research being con­
ducted by colleges and universities, at least, Is primarily 
basic in nature (14-). The same trend is noticeable In 
reviewing the projects listed by Walker and Tisdale (72), 
Private forest industries, on the other hand, are concen­
trating on field experiments dealing with growth responses, 
kinds and ratea of fertilizer, and other more practical 
aspects (3lj-)«
(3) Relatively little of the research reported in the 
literature included both foliar analysis and soil analysis, 
although most included one or the other. Again, the trend 
appears to be in the right direction, Applequlst (I4.) has 
reported that all current studies engaged in by colleges and 
universities include foliar analysis as an essential part of 
the research although only about 75 percent Include both 
foliar and soil analysis. The diversity of the soils in 
forest regions would seem to command more attention to soil 
chemistry In order to fully gauge the worth of fertilizers 
in the production of forests,
(I4.) Minimum and optimum nutritional requirements, 
deficiency symptoms, and nutrient absorption by the trees 
have been explored only sketchily. These probably remain as 
the major points in which basic research should be 
accomplished.
EXPERIMENTAL MATERIALS AND METHODS
Design of Experiment
In this study, a 3*3*3 experiment In a
randomized block design was used In order to test the main 
and Interaction effects of nitrogen, phosphorus, and 
potassium fertilizers, each applied at rates equivalent to 
0, 100, and 200 pounds per acre of available N, P2°5#
K2 O. The 27 fertilizer combinations used are given in Table 
1# Granular urea containing percent available N was used 
as the nitrogen source, while the P2O5 was supplied by 
superphosphate containing £lj-.9 percent total and 5 3 *14- per­
cent available P2°5* Standard muriate of potash containing 
60 percent K2 O wes the potassium source*
At each of the three locations described oelow, the 
fertilizer treatments were applied at random to individual 
plots In each of three blocks or replications. In so far as 
possible, the blocks at each location were chosen so that 
variations In slope within each block were minimized. Each 
block consisted of 27 one-tenth-acre square plots, or a 
total of 8.1 acres in each plantation.
One-year-old nursery-grown loblolly pine seedlings 
supplied by the Louisiana Forestry Commission from the 
Columbia Nursery were planted In each plot on a 6' x 61 
spacing. This spacing gave a total of 121 trees per plot
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Table 1.--Fertilizer treatments.
Treatment Nutrients,* pounds per acre
Number ' N h>o5 K^O
1 0 0 02 0 0 100
3 0 0 200
k 0 100 05 0 100 1006 0 100 200
7 0 200 08 0 200 100
9 0 200 20010 100 0 011 100 0 10012 100 0 200
13 100 100 01U 100 100 10015 100 100 20016 100 200 0
17 100 200 10018 100 200 200
19 200 0 020 200 0 10021 200 0 20022 200 100 0
23 200 100 100
2k 200 100 200
25 200 200 026 200 200 100
27 200 200 200
fertilizer materials used were granular urea (k$ per­
cent N), superphosphate (53#U percent available P2O5), and 
muriate of potash (60 percent available K2O).
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with the central 81 trees constituting the measurement plot.
The experimental layout at each of the three locations 
is shown in Figures 1, 2, and 3* The numbers shown in each 
plot refer to the treatment numbers given in Table 1*
Plantation Establishment, Fertilizer Applications, and
Cultural Treatments
In order to test the effects of the fertilizers under 
varied climatic and soil conditions, three locations were 
arbitrarily selected for establishing the plantations. One 
plantation was established on the North Louisiana Hill Farm 
Experiment Station near Homer in Claiborne Pariah in the 
northern part of the state (approximately 32°lp5'N latitude, 
93°Ol4.'w longitude). The second plantation was located in 
central Louisiana on the Johnson Tract of the Kisatchie 
National Forest in Rapides Parish approximately 15 miles 
southwest of Alexandria (approximately 31°09fN latitude, 
92°l4.0'w longitude). The third plantation was established in 
southeastern Louisiana on the Lee Memorial Forest in Wash­
ington Parish, 10 miles east of Franklinton I approximately 
30°52fN latitude, 89°59'W longitude).
The soil types used Include Shubuta sandy loam to loamy 
sand at Homer; a complex of Bowie fine sandy loam, Ruston 
loam, and Beauregard loam at Alexandria with the Bowie 
series predominating; and Ruston sandy loam to loamy sand in 
the Washington Parish plantation. Complete descriptions of 
the typical profile of each of these soils and their
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chemical composition are given In Appendix A end B.
The history of the Hosier site is not definitely known, 
but It is believed to have been In cultivation possibly s s  
late s s  19lj-7« At any rate, it was abandoned and overgrown 
with briars and broomaedge (Andropogon vlrglnlous L,) in 
19U9* The site waa prepared in 1958 by clearing off all 
woody vegetation, including some scattered loblolly pine 
which had become established since the cessation of row- 
cropping* Clearing was followed by disking to eliminate all 
vegetation and prepare a clean surface prior to planting.
The loblolly pine seedlings were hand planted with planting 
bars in January 1959. Fertilisers were applied to individ­
ual trees in April*
A special "furrow-maker" was devised by personnel at 
the North Louisiana Hill Farm Experiment Station for use in 
applying fertilizer around each seedling* This device is 
shown in Figure 1*. Briefly, the "furrow-maker" consisted of 
two concentric rings mounted on the shaft of a post-hole 
digger hydraulically operated and power-driven from a farm 
tractor. The hydraulic lift lever and clutch and brake 
pedals on the tractor were modified to permit operation by a 
two-man crew* The inner ring was six Inches from the shaft 
and was fitted with three plows while the outer ring was 12 
inches from the shaft and had six plows. As the shaft 
revolved, the plows dug two circular trenches or furrows 
about four Inches deep around the newly-planted trees* The 
machine in operation and the resulting furrows are shown in
ko
F ig u r e  I4. . — Th« "furrow -m aker"* The upper p h otograp h  shows 
th e  two c o n c e n t r ic  r in g s  w ith  th e  a t ta c h e d  sm a ll p low s  
w h ich  dug th e  fu rro w s*  The lo w er  p h o to g ra p h  shows th e  
two-man crew  r e q u ir e d  to  o p e r a te  th e  t r a c t o r  and " fu rro w -  
m aker"•
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Figure 5* The phosphate fertilizer et the required rate per 
tree was applied by hand in the inner furrow, six inches 
from the base of the tree, and the urea and potash fertili­
zers were applied in the outer 12-inch furrow. The last 
step in the procedure was covering the fertilizer with loose 
soil with a hoe.
Cultural treatments in the Homer plantation during the 
1959 and I960 growing seasons included periodic shallow 
diskings to eliminate weeds, hand hoeing around the base of 
the trees where disking, could not be done, and periodic 
applications of a 0.125 percent DDT solution to control the 
Nantucket pine moth (Bhyaclonla frustrana /Comat.7), 
commonly called "tip rnoth". Since there may be as many as 
four to six generations of tip moth annually in the South 
(81), it was necessary to spray each month during the 
growing season and more frequently during rainy periods.
These frequent sprayings gave complete control both years 
since there was no noticeable tip moth damage at any time.
To prevent excessive soil erosion during the 1959-60 
fall and winter, Italian ryegrass (Lollum multlflorum Lam.) 
was seeded in three-foot strips between the rows perpendicu­
lar to the prevailing slopes in September of 1959. The 
grass was mowed periodically to minimize its usage of the 
fertilizers applied to the trees. Figure 6 is a general 
view of a part of the plantation showing the ryegrass strips. 
As soon as tree growth began in the spring of I960, the 
ryegrass was sprayed with a chemical weedkiller and the sod
U2
Figure 5.— The "furrow-maker" in operation (top) and a
olose-up of the resulting furrows around the pine seedling (bottom)•
Figure to,--A general view of the Homer plantation ahowlng 
the ryegrass atrips planted for erosion control. Picture 
was taken in Ootoberv 1959*
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left to afford continued protection against soil erosion.
The plantation at Alexandria was established on an 
upland site which was originally stocked with virgin long­
leaf pine. In the mld-1930,s, the area was planted to slash 
pine which was clearcut In 1951 following a severe ice 
storm. The over-all area of about 200 acres was burned and 
direct seeded with longleaf In November 1951 and used for 
research purposes by the Alexandria Research Center of the 
Southern Forest Experiment Station. In the fall of 1950* an 
area suitable for this fertilizer study was located and 
cleared by bulldozer. The brush and debris were piled and 
burned, A number of old longleaf stumps could not be pushed 
and had to be left on the area.
Woody vegetation growing on the Alexandria area con­
sisted of a few scattered slash and longleaf pines and 
clumps of blackjack oak (Quercua marHandlea Muenchh,), post 
oak (£. atellata Wangenh,), sweetgum (Llquldambar styraolflua 
L.)# and waxmyrtle (Myrloa spp.), Plnehllls bluestem 
(Andropogon dlvergens /Hack^ Andersa. ex Hitchc.) was the 
predominant grass. Also Included in the herbaceous vegeta­
tion were big bluestem (A. gerardl Vltman), slender bluestem 
(£• t^ner Kunth.), Indlangress (Sorghaatrum nutans
Nash)* three-awn (Arlatlda spp.), and various forbs, 
the most Important of which was swamp sunflower (He11anthue 
anguatlfollus L.). Since the area had not been grazed for 
several years, a heavy rough had accumulated. An attempt to 
burn the rough failed due to unfavorable weather conditions.
kS
The 8.1-eore area was disked once in November and cross- 
disked In December of 1958. Because of the heavy rough, 
disking the area did not result In as good a seedbed aa was 
desired. A general view of the area la shown In Figure 7«
The loblolly pine seedlings were planted by hand with 
student labor In January 1959. Survival was not as good as 
desired In several plots due to Improper planting by some 
of the students. It was also decreased by the wet soil 
conditions and rough condition of the surface at planting 
time.
The fertilisers were applied to individual trees at the
equivalent per acre rates in May 1959 by use of student
labor. A series of holes was made with a tree-planting bar 
or dibble around each tree seedling. The superphosphate was 
applied In four holes more-or-less equally spaced In a 
circle six inches from the tree while the urea nitrogen and 
muriate of potash were poured Into six holes In a circle 12 
Inches from the tree. At the high rates of application, the 
fertilizers often filled the holes from their eight inches 
of depth up to the soil surface. An attempt was made to 
distribute the fertilizer as uniformly aa possible between 
the holes. Figure 8 Illustrates this method of application.
During the 1959 growing season, an attempt was made to
control weed growth by hand spraying with Varsol, a petro­
leum derivative similar to kerosene. This effectively 
controlled grasses but not the broad-leaf weeds; conse­
quently this method of control was abandoned. In the spring
ll-b
Figure 7*— General view of the Alexandria plantation three 
months after the trees were planted* The stumps are from 
virgin longleaf pine logged during the 1920'a* Brush 
sprouts and weeds are beginning to grow even though the 
area was cleared and double-disked prior to planting*
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Figure 8.— Fertiliser application holes made with a tree- 
planting bar. Two of the Inner holes In which superphos­
phate was applied are at the right front and left rear of 
the tree. The four holes beginning at the bottom of the 
picture and proceeding around the tree to the left are 12 
inches from the tree. Urea nitrogen and muriate of potash 
were applied In these holes.
of I960, a small amount of Amlzlne^ was secured for testing 
on weed control. This material was effective in killing 
some weeds, but ineffective on others. Due to the high cost 
of a sufficient quantity to treat the plantation and the 
labor Involved in its application by hand sprayers, this 
method of control was also abandoned. Consequently weed 
growth was not eliminated from this plantation. Brush 
sprouts, however, were effectively controlled by periodic 
spraying with 2,/4.,5-T hormone herbicide.
The plantation was sprayed several times in 1959 and 
19t>0 with DDT solutions for tip moth control. However, the
applications were not frequent enough nor timed properly to
*give any effective degree of control; so the tip moth 
infestation and resulting damages were heavy, particularly 
during I960.
The Washington Parish plantation was established on a 
terraced field which had been in cultivation for at least 
30 years. Hay waa the last crop grown on the field In 1957. 
In the fall of 1956, the field was disked twice to destroy 
the annual weeds and grasses. The loblolly pine seedlings 
were planted by hand in December 1958. Due to the lack of 
labor, fertilizers were not applied to this plantation the 
following spring as was done in the other two plantations. 
Instead, fertilizer applications were made in late January
^Trade name for a mixture of 15% amitrol (3-amino 1,2, 
lj.-trlazole) and \\$% slmazln (2-ehloro-l4.,6-bia-ethylamino-s- 
triazine) produced by Amchem Products, Inc., Ambler, Pa.
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and early February of I960, Student labor was uaed and tbe 
same procedure was followed as outlined for the Alexandria 
location.
During the 1959 and I960 growing seasons, unsuccessful 
attempts were made to control weed growth by mowing, hoeing, 
and hand spraying with Varsol and Amisine, However, the 
coat of these treatments end the lack of sufficient quan­
tities of chemicals and equipment suitable for their appli­
cation on such a large area were prohibitive. Briars and 
root sprouts of sassafras (Sassafras albldum Nees),
on the other hand, were controlled by periodic applications 
of 2,U,5-T with nand sprayers.
Periodic applications cf DDT solution with hand 
sprayers were made to minimize tip moth infestations. The 
same difficulties were experienced here as on the Alexandria 
location; as a result tip moth damage was heavy, especially 
during the latter part of I960,
Collection of Field Data
Growth data was collected indirectly through height 
measurements of the 81 measurement tr^es in each plot, ^he 
trees were measured before fertilization and at the end of 
each growing season, usually in November and December,
Height measurements and supplemental observations were 
recorded on field data sheets as illustrated in Figure 9,
In order to catalogue changes in the nutrient level of
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the soil resulting from the application of fertilizers and 
subsequent usage by the trees* soil samples for chemical 
analysis were collected systematically from each plot prior 
to the application of fertilizers and at the end of eaoh 
growing season following fertilization. Both the A and B 
horizons were sampled with a soil sampling tube at alternate 
trees in alternate rows in each plot and the resulting 
composite samples collected in pint ice cream cartons 
properly Identified with the block and plot number and 
horizon. The samples were allowed to air-dry, ground to 
pass through a 2-mm, sieve, and stored for later analysis. 
Needle samples were collected for chemical analysis at 
the end of the 1959 and I960 growing seasons. Alternate 
trees were selected for needle collection so that about 
one-half of the trees In each plot were sampled. Needles 
produced during the growing season were pulled by hand from 
all positions in the tree both vertically and horizontally. 
The needles were collected in large kraft paper begs and 
dried at 115-120°P in a drying room within a few days after 
collection. After drying, the needles were round in a 
Wiley mill and a representative sample of the ground 
material from each plot was stored In a small capped glass 
bottle for future analysis.
Chemical Analyses of Soil and Tissue Samples 
The collected soil samples were analyzed by the Soil
52
Testing Laboratory for available phosphorus, potassium, 
oalelum, magnesium, end sodium* Phosphorus was extracted 
with Bray's solution of 0,1 normal HC1 and 0,03 normal 
NHĵ F (11|) at a ratio of 20 parts of extractant to one part 
of soil. Past results from this method for extracting 
available phosphorus have correlated very well with plant 
responses to phosphorus fertilization In field experiments 
on the relatively infertile soils of the Coastal Plain of 
Louisiana. The bases were extracted with 0.1 normal HC1 
(33) at a ratio of 20 parts of acid to one part of soil.
The extracted phosphorus and magnesium were determined 
colorlmetrically on a Bausch and Lomb Spec 20 spectro­
photometer. Potassium, calcium and sodium were determined 
on a Perkln-Elraer flame spectrophotometer,
Soil reaction was also determined by the Soil Testing 
Laboratory using a Coleman Model H-2 pH meter with a 1:1 
soil-water suspension (1̂ 9).
Exchangeable hydrogen was determined on samples 
collected before fertilization in order to calculate the 
percent base saturation and the base exchange capacity by 
summation. The base exchan/e cepaclty Is often estimated by 
the sum of the exchangeable hydrogen, calcium, magnesium, 
potassium, and sodium and la expressed as milliequivalents 
per 100 grams of soli (33)* Base saturation is calculated
from the equation:
✓ n     _ Total Exoh, Metallic Cations _ .
% Baae Saturation Saga' Exchange Capacity  * 10°*
According to Parker (ij.6), all exchangeable H+ can be
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replaced by Ba++ of a neutral solution of barium acetate.
In this study, a modified barium acetate method was used for 
determining exchangeable hydrogen. A 15-gram sample of soil 
waa leached with 0*5 normal barium acetate, adjusted to 
pH 7*0 with normal barium hydroxide, and the leaohate waa 
titrated with 0*1 normal sodium hydroxide*
The organic matter content of the pre-fertlllzation 
samples waa determined by the gravimetric dry combustion 
method (5)* The percent of organic matter waa computed from 
the weight of COg absorbed by Nesblt aacarite absorption 
bulba. The computation was made on the IBM-650 computer by 
use of a program written by Dr. W. H. Patrick, Jr.
No attempt waa made to determine available nitrogen in 
the aoll samples, since Allison (3) and numerous others have 
pointed out the difficulties In attempting to account for 
all soil nitrogen gains and losses. The amount of symbiotic 
and non-symblotic nitrogen fixed la not known, neither la 
the magnitude of volatilization or leaching losses known* 
Furthermore, the amount of nitrogen which becomes available 
from the decomposition of organic matter and the amount of 
applied nitrogen assimilated by decomposition microorganisms 
is extremely variable. The total nitrogen content of the 
soil organic matter could have been estimated from the 
organic matter content*
The total nitrogen content of the needle samples was 
determined by the Louisiana State University Feed and Ferti­
lizer Laboratory by use of the standard Kjeldahl method.
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Through sampling only needles produced during the current 
growing season for this analysis, the nitrogen uptake by the 
trees was related to the nitrogen fertilization levels.
The needle samples were analyzed for phosphorus, 
potassium, calciumv and magnesium in the North Louisiana 
Hill Farm Experiment Station laboratory using procedures 
established by Russell (59). Sodium was also determined on 
the 1959 tissue samples; however, the results were highly 
erratic, ranging from 0 to 7*81j.O ppm. Therefore, sodium was 
not included in the analyses of the 1960 samples.
Statistical Analysis of Data
A statistical analysis of the effect of fertilizer 
treatments on tree growth was accomplished through the usual 
analysis of variance for a factorial experiment In a ran­
domized block design (61, 15)• The analysis was computed by 
the use of the ANOV XI, 6.0.012 L, program for the IBM-650 
computer In the L.S.U. Computer Research Center. In order 
to utilize this program, It was necessary to code the height 
measurements recorded on the field data sheets for key­
punching on IBM cards, one card per tree. Each card 
Included the location code, block number, the level of each 
fertilizer element, the three height measurements (initial 
height, height after the 1959 growing season, and height 
after the 1960 growing season), tree number, and plot Iden­
tification. Only the trees which survived the full two
55
years were Included in the analysis.
A short routine was included in the ANOV II program 
deck to convert individual tree heights to the annual and 
biennial growth for each tree. Once the average growth per 
plot was secured in this manner, the plot means for growth 
became the measurement of fertilizer effect tested In the 
analysis of variance.
In order to test the different rates of the fertilizer 
elements shown by the analysis of variance to be signifi­
cantly related to growth, orthogonal comparisons among the 
levels of fertilization were made (61).
Analysis of variance was also used to test the effect 
of fertilizer treatments on survival, on percentage of trees 
whose growing tips were damaged by tip moth In the 
Alexandria end Washington Parish plantations, and on the 
Incidence of fusiform rust in the Washington Parish 
plantation only.
RESULTS AND DISCUSSION
Chemical Analysea of Soils
Results of the chemical analyses of the soil samples 
collected before fertilizers were applied are given In 
Tables 2, 3» and 1+. Included In these tables are the 
chemical content cf both the A and B horizons for every 
plot at each location.
The Shubuta soils In the Homer plantation were uni­
formly low in all elements (Table 2), The A horizon ranged 
from 3 to 8 ppm, P, 20 to 53 ppm, K, 86 to 238 ppm, Ca, and 
13 to 97 ppm. Mg, The topsoll averaged 0,6 percent organic 
matter and the pH ranged from 5,1 to 6,1, The exchange 
capacity was also very low, due principally to the high sand 
and low organic matter contents. The B horizon generally 
was higher In exchange capacity and bases, but lower In P, 
organic matter, and pH, The base saturation ranged from 
approximately l±7 to 81 percent In the topsoll and from 37 
to 87 percent In the subsoil.
The topsolls from the Alexandria location were also 
very low In available nutrients, particularly P (Table 3), 
Due to their loamy texture and higher organic matter con­
tent, however, these soils were generally higher in K, Ca, 
Mg, and exchange capacity than the topsoll in the Homer 
plantation. The organic matter content ranged from 1,5 to
56
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Table 2.--Chemlcal characteristics of soil at Homer location
before fertilisation.






I- 1 A 39 130 25 1+3 7 2.130 53.8 6.0 .506B 59 367 203 39 2 5.818 66.1 5.7 .459
I- 2 A 50 1.73 39 1+ 2.819 55.7 5.9 .732B 76 3 2k 328 39 2 8.592 54.9 5.1 .455
1H A l+l 191+ 203 39 1+ k.185 70.2 5.7 .668B 66 302 320 39 2 6.193 55.1 5.2 .458
I- k A 39 151 60 35 6 2.558 58.9 5.9 .573B 71+ 389 313 73 2 7.91+9 63.7 5.2 .419
I- 5 A 36 108 35 5 1.980 60.2 5.9 .505B 65 799 188 1+3 1 7.952 74.4 5.5 .369
I- b A 50 151 38 1+8 1+ 2.328 60.5 5.8 .581B 88 1+32 313 39 2 8.776 58.8 5.1 .522
I- 7 A 10+ 173 85 35 6 2.951+ 62.2 6.0 .727B 71+ 1+75 328 1+8 2 9.1+1+7 58.3 5.2 .629
I- 8 A 38 151 25 35 6 2.131 56.9 6.0 .510B 71 1+10 210 1+3 2 6.927 60.2 5.2 .31+4
I- 9 A 151 25 35 6 2.336 52.2 6.1 .563B 65 51+0 277 1+3 2 7.777 69.6 5.7 .609
I-10 A 111 151 38 112 1+ 2.715 61.3 6.1 .578B 77 1+75 238 1+8 2 7.653 62.3 5.4 .482
1-11 A 38 130 13 35 5 1.926 52.3 5.9 .579B 76 1+51+ 228 1+3 2 6.588 69.1 5.5 .348
1-12 A 38 151 13 30 6 2.206 49.4 6.1 .600B 77 1+75 165 1+3 2 5.973 69.2 5.7 .389
1-13 A 42 130 35 1+ 2.237 58.9 5.9 .434B 77 1+32 238 1+3 2 6.691+ 67.6 5.5 .354
I-H+ A 39 11° 13 39 3 2.H0+ 47.9 6.1 .574B 101 583 332 1+3 2 9.017 68.0 5.5 .502
eRoman numeral “ block; arable nuaiber * fertiliser 
treatment; A. ■> A horlson (topsoll); B * B horizon (subsoil).
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Table 2.—  (Continued)
Ay«U«M,« JPP«»J  C»P*.» Rii« nH M-S?2iCA.V u 1 v K Ca Mg Na P IB®#/100 g. Sat. {%)
1-15 A 130 1+9 35 5 2.697 48.9 5.9 .1+1+6B 09 497 313 1+3 1 8.206 06.6 5.4 .520
1-16 A 53 238 25 108 5 2.661 75.3 6.0 .598B 97 562 350 52 1 9.223 67.2 5.5 .1+72
1-17 A P 130 36 35 6 2.457 49.2 6.1 .61+3B 89 389 396 1+8 2 8.703 65.3 5.6 .519
1-18 A 35 130 55 35 6 2.138 63.1 5.9 • 1+1+6B 103 475 245 1+8 2 7.320 66.8 5.4 .361
1-19 A 1+5 151 tt9 35 5 2.078 53.4 6.0 .689B 100 324 380 39 2 8.496 61.4 5.4 .475
1-20 A 53 194 97 35 6 3.379 61.1 5.7 .757B 83 194 343 52 2 8.995 1+7.1+ 5.3 .1+89
1-21 A 38 130 38 35 5 2.135 57.0 6.1 .404B 76 281 238 1+3 2 5.346 70.5 5.5 .377
1-22 A 39 173 38 35 6 2.485 57.7 o.O .635B 79 14-97 228 52 1 6.521 73.8 5.5 .401
1-23 A 35 151 25 35 5 2.190 55.0 5.8 .553B 73 389 155 1+3 2 4.793 75.5 5.5 .311
1-24 A 1+1 130 13 35 7 2.066 49.1 5.8 .616B 76 410 305 1+3 2 7.338 67.0 5.3 .504
1-25 A 1+1 130 13 35 6 2.066 49.1 6.1 .723B 94 389 368 1+3 1 8.001 68.0 5.4 .615
1-26 A 36 130 13 39 6 2.005 50.9 5.9 .536B 71 1+54 221 1+3 2 6.188 72.4 5.5 .420
1-27 A 32 151 13 39 5 2.100 53.1 5.7 .1+773 79 302 285 1+8 2 6.464 66.5 5.3 J+18
II- 1 A 1+5 173 38 1+3 5 2.535 58.5 5.9 .088B 1+5 475 313 1+3 l 0.073 87.0 5.2 .57 5
II- 2 A 33 151 71 35 1+ 2.932 55.9 .573B 79 173 285 1+3 2 8.489 42.3 4.8 .436
59
Table 2.--(Continued)
P l o t ,o. K  A™ f 1/ b-1-5 g <PPi?;)
TT- 3 A 39 130 *4-1 39B 7*1 302 309 *4-3
IT- 1+ A *4*4 130 *40 393 100 389 380 39
ti- 5 A hS 151 *4-0 35B 65 173 270 39
IT- b A 19*4- 55 35B ?3 *4-32 35*4- *4-3
II- 7 A ia 151 *19 39B 6*4 32U 238 *43
II- 8 A *4*4 19*4 75 393 59 3*4-6 273 *4-3
IT- 9 A 39 151 25 *4-3B 77 389 285 *43
IT-10 A ia 86 39B 9*4. 216 387 *4-3
11-11 A 38 130 38 30B 77 518 270 U3
11-12 A 36 130 19 303 103 626 387 *43
11-13 A 26 108 32 30B 5*4 238 255 *48
H W 1 £ A 38 173 78 *4-3B 56 321̂ 290 *43
H-15 A 23 86 25 39B t>k 173 277 *43
11-lb A 38 151 *4-9 35B 91 3*4-6 358 39
IT-17 A 39 130 29 30B 82 562 358 *43
% Organic
uapV  Base pH Matter
5 2.378 53.1 5.6 .7072 8.139 5*4.8 *4.8 .558
6 2.251 56.2 5.6 .7661 10.791 51.3 *4.7 .68*4
5 2.603 52.1 5.5 .7122 9.593 37.0 5.0 .*453
5 2. *4.83 68.3 6.0 .7721 9.187 60.0 5.1 .538
*4 2.160 66 .6 5.7 .5252 6.515 60.7 5.0 .*426
*4 2.732 68.7 5.5 .7832 8.217 52.9 5.0 .*43*4
6 1.907 65.5 5.7 .7002 8.*a7 55.7 *4.9 .500
6 1.376 80.9 5.6 .67 21 11.103 *42.6 *4.7 .739
6 1.982 b0.2 5.9 .7022 7.063 7*4.0 5 .*4 .515
6 1.88*4. 5*4.7 5.9 .6801 9.827 69.3 5.1 .666
6 1.358 5*4.0 5.5 .58*42 7.1*42 51.3 *4.9 .1419
5 2.718 66.2 5.7 *6602 7.58b 57.6 5.0 .*418
*4 l.*+58 59.5 5.6 .*4522 6.7*42 52.3 5.0 .3*45
*4 2.200 6*4.2 5.7 .7252 9.319 5*4.9 *4.9 .583
5 2. 0*4.1 55.0 5.7 .7232 8.9*48 69.2 5.1 .568
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(%)K Cm Mg N a P
IT-18 A 1+1 173 85 39 1+ 2.961+ 62.3 5.1+ .667B 6i+ 259 320 1+8 1 9.720 1+1+.6 1+.9 .1+89
IT-19 A 30 108 38 30 1+ 1.918 55.5 5.7 .526B 62 367 299 1+3 1 7.825 59.7 5.0 .376
11-20 A 36 151 60 39 5 2.699 56.2 5.5 .815B 62 191+ 328 1+3 2 9.893 1+0.9 1+.3 .1+91+
IT-21 A 35 130 1+9 35 3 2.219 58.6 5.1+ .51+0B 57 238 259 1+3 2 7.687 1+7.9 1+.9 .358
11-22 A 1+2 173 52 35 1+ 2.31+6 b6.1+ 5.6 .602B 56 367 21+5 1+3 2 7.1+91 56.2 5.1 .308
II-23 A 36 108 62 39 5 2.301+ 57.2 5.2 .662B 50 151 253 1+3 2 8. 366 38.0 1+.8 .1+1+1+
11-21+ A 36 108 19 39 5 2,011 1+7.7 5.3 .675B 73 173 320 U3 1 10.1+07 37.5 1+.3 • 51+6
TI-25 A 50 130 30 39 6 2.183 51+. 8 5.5 .777B 127 21b 320 1+3 2 9.250 1+6.0 1+.9 .556
11-26 A 26 8b 19 39 1+ 1.71+1+ 1+7.3 .562B 1+7 173 216 1+3 3 7.307 1+0.6 1+.8 .382
11-27 A 1+7 173 80 39 5 2.677 68.1 5.3 .671+B 68 518 326 1+3 2 8.228 b8.8 5.J+ .1+81+
ITT- 1 A 32 130 51 1+3 6 2.b57 50. b 5.3 .822B 56 173 257 1+8 1 9.533 35.2 1+.9 .1+71
III- 2 A 33 130 15 52 5 2.202 1+9.3 5.6 .685B 60 389 313 52 1 9.661 51.1 5.1 .1+29
III- 3 A 33 8b 5o 35 1+ 2.529 1+2.9 5.1 .6213 69 130 285 1+3 2 9.1+96 35.7 5.0 .1+62
III- i+ A 20 605 13 35 9 3.1+02 98.1 6.0 .538B 82 1+75 21+2 1+3 2 8.335 57.5 5.1 .1+81
tit- 5 A 33 191+ 1+9 35 5 2.797 57.7 5.7 • bi+1B 60 302 231 1+3 2 7.979 1+7.3 5.0 .1+02
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<*)K Ca Mg Ha P
TII- 6 A 23 216 25 1+3 6 2.519 60.9 5.9 .648B bO 518 257 1+8 2 8.378 60.8 5.2 .446
III- 7 A 30 238 13 30 6 2.55b 58.9 5.9 • 5b8
B 60 389 238 1+3 2 8,1+72 50.4 5.1 .433
III- 8 A 39 130 38 35 5 2*532 48.1 5.7 .711B 56 21b 285 1+3 l 9.105 41.6 5.0 .480
III- 9 A 30 108 19 30 1+ 1.759 51.4 5.9 .499B 82 302 313 1+3 2 7.798 57.9 5.1 .323
111-10 A 26 108 13 30 5 1.699 49.7 5.9 .471B 65 31+6 231 39 2 8.392 47.6 4.9 .413
III-11 A 35 191+ 1+9 35 3 2.8b8 56.5 5.8 .7703 52 31+6 263 1+3 2 8.510 49.8 5.1 .444
111-12 A 30 108 38 30 1+ 1.983 53.7 5.9 .5073 5b 21b 210 39 2 7.71+1 40.6 5.0 .398
III-13 A 26 108 25 35 8 2.018 47.9 5.7 .589B 65 281 299 1+3 2 9.1+39 45.0 4.3 .428
HiHHH A 35 108 25 35 6 2. oia 48.5 5.8 .581B 69 216 291 39 1 9.302 1+1.4 5.1 .477
IIT-15 A 30 108 32 35 1+ 1.955 53.0 5.8 .493B 65 389 270 43 2 7.964 57.1 5.1 .359
III-lb A 1+8 151 38 35 6 2.595 51.9 6.0 .817B 91 1+51+ 336 1+3 2 10.284 53.4 5.0 .416
111-17 A 30 151 32 35 1+ 2.105 59.4 6.0 .5273 56 1+32 255 39 3 8.473 54.3 5.1 .455
m - i e A 1+3 108 38 30 7 2.213 49.6 5.7 .696B 99 259 372 39 2 11.057 43.6 5.0 .585
111-19 A 26 8b 19 35 5 1.595 50.6 5.3 .421
B 6 5 367 277 39 2 7.63 2 58.7 5.2 .305
II1-20 A 30 108 13 35 5 1.731 50.7 6.0 • 566B 83 367 270 39 l 8.014 55.8 5.1 .374
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(%)ft Cm Mg Ka P
III-21 A 30 108 25 35 4 2.093 46.7 5.9 .664B 65 321̂. 320 48 2 9.391 49.7 5.1 .449
III-22 A 39 130 25 35 1+ 2.358 47.1 5.7 .688B 65 1+32 231 39 1 8.362 52.9 5.2 .493
I11-23 A 43 130 13 39 7 2.089 49.7 6.0 .739B 134 1+97 343 39 2 8.484 69.0 5.5 .370
111-24 A 30 108 38 35 5 2. 2b8 47.9 5.7 .684B 65 321+ 291 39 2 9.494 46.2 5.1 .587
111-25 A 30 130 25 35 5 2.269 47.9 5.8 .742B 65 1+32 299 39 2 10.047 49.7 5.0 .499
III-2b A 43 173 38 39 7 2.775 52.7 5.8 .815B 73 259 270 39 1 9.615 40.6 5.0 .467
III-27 A 52 173 38 35 7 2.649 55.4 5.9 .877B 112 324 291 43 3 9.313 48.5 5.1 .557
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Table 3.--Chemical characteristics of soils at Alexandria
location before fertilisation*









(%)K Ca Mg Ha P
I- 1 A 43 216 49 56 6 3.417 53.9 5.6 1.630B 39 21b 129 26 3 4.601 51.5 4.6 .449
I- 2 A 39 281 49 39 6 5.169 40.3 2.891B 30 194 171 26 1 6.394 1*0.i* 4.8 .696
I- 3 A 39 32k 71 39 5 5.503 45.1 5.4 2.965B 30 238 165 30 3 5.530 5o.i 5.1 .678
I- 1* A 39 173 78 43 5 4.691 38.1* 5.2 2.691B 22 65 129 30 2 6.117 25.9 4.9 .733
I- 5 A 43 367 71 39 4 5.793 46.7 5.4 3.147B 35 259 155 30 l 4.449 63.1 5.3 .550
I- b A 30 302 71 35 6 4.958 47.0 5.5 2.392B 22 151 155 30 3 5.713 39.1 5.0 • 5b6
I- 7 A 43 259 60 35 6 4.552 45.0 5.4 2.744B 30 130 147 30 3 5.825 35.7 4.9 .772
I- 8 A 35 216 38 30 5 3.653 44.3 5.5 2.197B 30 173 155 30 1 5.319 44.4 5.1 .617
I- 9 A 39 367 67 35 6 5.009 52.8 5.5 2.394B 35 173 155 30 1 5.135 46.3 5.0 .571
I-10 A 43 34b 112 35 6 5.420 54.0 5.6 2.700B 22 108 138 35 3 6.232 30.5 5.1 .650
I-11 A 48 281 38 35 5 4.621* 43.2 5.5 2.783B 26 151 165 30 3 5.807 40.1 5.1 .567
1-12 A 43 281 99 35 5 4.922 50.6 5.4 2.397B 17 86 138 30 3 5.825 30.1 5.1 .546
1-13 A 39 194 67 35 6 4.013 44.4 5.5 2.324B 22 130 129 30 4 5.917 32.3 5.1 .721
I-11* A 39 324 60 30 3 4.123 57.0 5.8 2.058B 39 194 138 2b 3 4.172 55.9 5.3 .445
*Roman owneral “ block; arable number * fertiliser 










1-15 A 39 173 49 30 3 3*867 38*9 5.3 2.262B 30 130 171 30 3 6.682 34.2 5.1 .704
1-16 A 39 302 49 35 4 4.862 41| .6 5.5 2.697B 30 238 175 26 4 4*874 58.2 5.3 .551
1-17 A 65 238 85 35 5 4.450 49.8 5.3 2.283B 39 151 171 35 2 6.175 39. k 4.9 .b97
1-18 A 56 497 97 35 3 6.872 52.2 5.5 3.476B 26 151 165 39 3 I4..862 48.7 5.2 .450
1-19 A 39 281 40 26 7 3.724 52.i* 5.4 1.726B 43 21b 120 35 3 4.H5 56.9 5.2 .505
1-20 A 35 281 78 26 4 4.753 47.5 5.3 2.383B 17 8b 97 39 3 3.882 37.4 5.1 .512
T -21 A 43 346 71 26 5 5.303 48.0 5.5 2.866B 30 151 147 39 3 5.116 43.5 5.0 • 668
1-22 A 43 367 85 30 6 5.869 47.4 5.3 2.674B 22 130 155 39 5 5.648 38.4 5.0 .790
1-23 A 39 281 71 26 5 4.574 48.3 5.4 2.287B 22 65 129 39 3 5.697 28.5 5.0 .657
1-2)4 A 39 389 108 26 6 6.210 49.2 5.4 3.062B 22 108 147 43 1 5.685 35.3 5.3 .b!7
1-25 A 56 389 97 2b 6 6.228 48.3 5.3 3.159B 26 43 112 43 3 5.276 26.6 5.2 .557
1-26 A 35 281 90 26 3 5.379 43.8 5.1 2.812B 17 43 90 43 1 5.399 22.2 5.3 .652
H 1 ru -j A 35 238 97 26 4 5.025 43.8 5.2 2.392B 17 86 108 30 2 4.787 31.4 5.2 .563
TT- 1 A 43 281 67 30 5 5.027 43.8 5.7 2.949B 22 86 108 30 3 5.653 26.8 5.2 .554
IT- 2 A 65 454 90 26 7 6* 058 54.5 6.0 2.758B 35 194 203 30 1 5.01*9 57.1 5.2 .411
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(56)K Ca Mg Na P
II- 3 A 5b 51*0 120 30 b 7.911* 50.2 5.8 3.898B 17 b5 120 30 5 5.111 29.3 5.0 • 406
II- 4 A 1*8 389 97 30 b 5.895 51.0 5.8 3.184B 17 b5 129 35 1 5.470 29.2 5.1 .1*80
11- 5 A 1*32 259 1*9 52 b 4.1*82 67.8 6.1 2.319B b9 65 11*3 39 2 b.067 30.7 i*.e .530
II- b A b9 367 90 30 6 5.650 51.2 5.7 2.952B 30 8b lb 5 35 1 b . 105 33.3 5.1 .504
II- 7 A 39 191* 1*9 22 b 1+.335 38.1 5.8 2.091B 30 8b 175 35 3 5.269 40.2 5.2 .1*97
IT - 8 A 1*3 367 97 2b 9 3.982 72.0 b.O 2.763B 2b b5 138 30 1 5.612 29.8 5.2 • l*8b
II- 9 A 35 324 67 2b 5 5.139 1+6.3 5 .e 2.546B 17 130 11+7 30 5 5.529 37.1 5.2 .1*98
11-10 A b9 1*32 112 30 7 b. 91+6 49.0 5 .7 3.1*713 22 1*3 129 30 1 6 .138 2 4 . 0 5.1 .1*76
11-11 A 35 281 85 30 b 5.157 1*5.2 5.6 2.b89B 22 108 120 30 3 5.403 31.9 5.3 .1*72
11-12 A 1*6 389 71 30 b 5 .088 51*. 8 5.8 2.235B 39 259 151 26 1 1+.933 5b.1 5.1j .1*07
11-13 A 73 5b2 112 2b 7 6.31*1 63 .8 b.O 3.2393 39 151 171 26 3 5.939 1*0.3 5.3 .1*29
11-14 A 35 302 85 30 9 5.196 1*6.9 5.7 2.4bdB 17 8b 135 35 1 b.51+5 2 b .6 5.1 .1*78
11-15 A 1*8 389 102 26 6 5.723 53.0 5.9 2 .652B 22 130 lbO 30 5 t>.372 31*. 0 5.2 .510
II-lb A 39 259 97 26 7 1+.877 1*7.5 5.7 2.633B 17 65 120 30 2 b.b87 2 2 .4 5.0 .1*95
11-17 A 1*3 324 67 26 b l*.l+37 51*.1 5.9 2.095B 2b 8b 129 26 3 5.559 30.3 5.2 .1*10
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{%)K Ca Mg Na P
TI-18 A 52 1*10 102 26 8 6.823 1*6.1 5.6 3.61*1*3 21o 130 160 1*3 2 6.007 1*5.3 i*.e .1*96
11-19 A 35 236 85 30 7 1*.285 1*9.1* 5.7 2.21*2B 22 108 120 35 3 5.685 29.7 5.2 .1*65
IT-20 A 56 1*32 112 30 10 7.176 1*6.9 5.7 3.690B 26 8b 129 30 1 6.811* 25.0 5.0 .502
11-21 A 56 302 85 2b b i*.5H 51*.9 6.0 2.1*23B 22 106 11*7 30 6 6.1*07 30.5 5.2 .1*76
11-22 A 39 321* 71 26 6 l*.b58 52.1 5.9 2.299
B 26 130 180 26 2 6.927 33.6 5.2 .1*33
IT-23 A 1*3 259 67 26 5 1*. 1*1*0 1*6.8 5.8 2.1*21B 27 86 120 35 2 5.788 28.5 1+.9 • t*l*7
11-214. A 35 238 90 26 6 I*.901 1*3.7 5.6 3.050B 26 86 108 35 2 5.863 2b.3 1*. 9 .501
11-25 A 65 U97 97 26 7 b . Ob 8 58.9 5.9 2.691
3 36 321* 199 30 2 5.930 59.0 5.3 .1*51*
11-26 A 52 389 97 26 b 6.71*2 1*1*.5 5.6 3.787B 26 86 1U7 35 1 6.779 27.6 1*.9 .1*99
IT-27 A 60 1*10 102 26 6 5.1*b5 58.0 5.9 2.551
B 29 151 155 35 2 5.950 38.2 5.0 .1*35
III- 1 A i*i* 31*6 1*9 2b 1* 1*.925 1*8.0 5.7 2.1*71B 51 8b 138 65 2 5.671 35.2 1*.9 .310
III- 2 A 56 367 71 2b 5 5.01*8 53.2 5.9 2.21*2B 51 191* 171 35 1 6.552 1*0.9 5.0 .1*01
III- 3 A 71* 1*97 108 2b b 6.577 56.1 6.0 2.888
B 60 191* 151 1*3 2 5.655 1*5.1* 5.1 .1*1*1*
III- 1* A 1*8 302 55 2b 5 1*. 962 1*1*. i* 5.5 2.21*6B 1*8 86 171 1*3 1 6.039 35.9 5.0 .280
III- 5 A 71 1*75 85 26 1* 5.873 57.5 5.8 2.538B 1*1 151 160 1*3 2 5.598 1*2.5 5.0 .373
67
Table 3*— (Continued)











(*)K Ca Mg Na P
ITT- 6 A 59 1+32 71 26 5 5.774 52.2 5.9 2.581B 51 216 169 39 1 5.350 52.1 5.2 .369
III- 7 A 56 281 49 26 5 4.762 43.5 5.6 2.387
B 36 86 155 43 2 6.729 29.7 4.9 .516
III- 8 A 91 21b 60 30 5 4.110 47.3 6.1 2.278
B 36 66 129 1+3 1 6.446 27.7 4.7 .588
III- 9 A 74 432 85 26 4 6.126 51.8 5.8 2.488B 1+7 173 180 1+3 1 5.037 53.1 5.1 .395
111-10 A 53 324 k9 26 5 4.969 45.8 5.8 2.194B 51 173 180 39 1 5.818 45.8 5.2 .354
III-11 A 1+5 238 1+9 30 4 4*076 45.2 5.6 1.951B 1+1 151 11+7 39 2 5.867 38.4 5.0 .356
111-12 A 53 259 60 35 5 4.775 43.6 5.7 2.312
B 32 108 155 43 2 6.172 34.0 5.0 .365
III-13 A 1+8 281 1+9 26 4 5.201 39.4 5.5 2.391B 26 108 138 1+3 2 6.212 31.3 5.0 .471
111-14 A 50 238 49 22 5 4.317 42.2 5.7 2.113B 32 130 155 43 1 7.323 30.2 4.9 .473
111-15 A 42 34b 71 26 5 5.432 46.8 5.6 2.622
B 27 8b 108 43 2 6.774 23.4 4.9 .413
III-16 A 39 194 71 ?9 5 5.312 34.5 5.4 2.435B 29 8b 90 £e 2 6.575 22.3 4.9 .415
111-17 A 151+ 151 25 1+8 5 3.069 50.8 6.4 1.556B 132 130 160 1+8 1 5.025 50.3 5.3 .488
111-18 A 51 1+75 71 39 6 6.748 48.4 5.7 3.069
B 32 151 221 1+3 1 7.069 40.5 5.0 .500
111-19 A 48 194 55 1+8 4 3.927 44.8 5.7 1.824B 26 8b 165 1+3 l 6.524 31.6 5.0 .396
III-20 A 107 605 108 1+8 7 8.151 54.1 6.2 4.051B 1+8 8b H+7 43 2 6.365 30.9 4.8 .502
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TIT-21 A 62 32k 102 k3 5 6.1+93 1+3.1+ 5.8 2.91+1+3 35 86 97 k3 2 5.783 26.2 1+.9 .1+36
ITT-22 A 60 369 71 35 7 5.273 53.9 5.9 2.611+B 35 151 11+7 k3 2 5.869 38.5 5.0 .1+85
IT T-23 A kb 302 k5 35 5 5.269 1+1.1+ 5.6 2.566B 27 86 151 k3 1 6.803 28.6 5.1 .1+89
TII-21+ A 1+1+ 1*10 90 k3 b 6.777 1+5.7 5.6 2.9983 27 86 120 1+8 1 b . 896 2L+.3 5.0 .10+5
III-25 A 77 583 108 39 6 6.91+0 60.3 6.0 3.0673 50 216 155 k3 1 5.576 1+8.2 5.2 .1+32
III-2b A 36 173 73 35 6 1+.653 37.9 5.5 2.280B 33 8b 71 k3 1 5.95b 21.7 1+.9 .1+07
ITT-27 A 1+1 216 38 k3 6 5.10/4- 33.1 5.1+ 2.576B 30 8b 97 k3 1 7.081* 21.2 5.0 .1+31
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Tabl» i+.--Chemical characteristics of soil in Washington 
Parish plantation before fertilisation*
% Organic
)• v " T " " C m “ Mg Wa P me./100 g.
oise
Sat.
pn n a  o r
(%)
1 A 52 191+ 38 30 23 1+.571 33.9 5.7 2.185B 35 151 71 1+3 1 3.660 1+1+.1+ 5.3 .385
2 A 35 173 38 35 27 3*851+ 36.9 5.7 1.626B 22 216 67 1+3 2 3.1+57 51+.1* 5.1+ .351+
3 A 1+8 173 25 30 21+ 1+.081+ 32.5 5.7 2.109B 35 173 78 39 1 1+.1+02 1+0.3 5.2 .1+30
k A 39 173 25 35 25 1+.H+9 31.9 5.7 2.192
B 26 191+ 90 39 1 1+.121+ 1+7.5 5.3 .393
5 A 56 173 13 35 25 3.896 32.6 5.7 1.970B 30 173 108 35 2 1+.358 1+5.8 5.2 .356
6 A 1+3 151 13 30 28 3.730 29.6 5.7 2.138B 26 130 bO 1+8 2 1+.181+ 31+. 1 5.2 .1+33
7 A 1+3 151 35 29 3.723 38.3 5.7 1.676B 30 191+ 85 1+3 1 1+.21+0 1+5.8 5.3 .1+1+1
8 A 52 173 1+9 30 21+ 3.831+ 1+0.1 5.9 1.769B 22 173 102 39 1 1+.502 1+3.1 5.3 .373
9 A 39 130 25 35 26 3.011+ 36.8 5.6 1.1+17B 30 151 85 39 1 1+.337 39.1+ 5.3 .1+21
10 A 39 173 25 35 23 3 . 8 2 0 31+. 7 5.8 1.731B 26 216 85 1+3 1 I+.31+0 1+7.1 5.1+ .1+38
>11 A 1+8 151 32 35 32 3.398 3 8 . 2 5.8 1.1+50B 35 173 108 1+3 1 1+.732 1+3.1 5.2 .1+00
1 2 A 69 1+32 60 39 1+8 7 .8 0 1 38.5 5.7 3.650
B 35 238 1 0 8 1+3 2 1+.1+03 53.8 5.1+ .1+67
13 A 1+3 191+ 19 35 23 l+ . l+ l l 31.5 5.7 1 . 9 8 6B 2 2 191+ 1 0 2 1+8 1 3.989 52.3 5.1+ .1+1+6
11+ A 65 238 60 35 21+ 1+.767 1+2.1 5.9 2.21+8
B 30 2 3 8 129 1+8 1 1+.1+55 57.3 5.1+ .371
«Roman numeral *= block; arabic number * fertilizer 
treatment; A * A horizon (topaoll); B * B horizon (subsoil).
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1-15 A 35 194 43 43 23 3.«>41 44.1 5.8 1.815B 26 173 71 43 l 3.878 44.1 5.1 .323
1-lb A 35 302 38 43 11 3.014 58.2 6.0 1.706B 22 238 108 43 0 3.975 58.7 5.4 .332
1-17 A 30 151 25 43 18 3.000 40.9 5.3 1.815B 35 194 120 43 1 4.545 49.4 5.2 .554
1-18 A 52 238 38 35 24 4.419 40.b 5.3 2 , b8bB 22 108 67 39 1 4.148 31.9 5.2 .415
r-19 A 52 281 49 43 23 4.094 45.4 5.3 2.7703 30 194 71 43 1 5.088 41.9 5.2 .410
1-20 A 35 151 19 39 26 3.274 35.8 5.7 2.067B 22 194 108 43 1 4.477 47.2 5.2 .347
1-21 A 30 108 13 39 24 2.077 43.1 5.7 1.3343 30 151 43 43 2 3.478 39.b 5.3 .407
1-22 A 39 194 49 39 lb 3.749 44.0 5.3 2.134B 30 194 120 39 1 4.515 49.1 5.3 .410
1-23 A 43 281 38 39 23 4*094 42.7 5.7 2.345B 26 173 71 43 1 4.20b 40.7 5.3 .414
1-24 A 52 324 55 35 18 4.924 48.0 5.3 2.7913 30 21b 143 43 1 4*966 51.1 5.3 .387
1-25 A 39 194 38 43 15 3.544 4-4.4 5.7 1.942B 35 151 97 43 1 4.8bl 37.9 5.2 .4b8
1-26 A 35 194 43 43 21 3.70b 43.3 5.7 1.869B 22 173 97 43 1 4.543 42.2 5.3 .404
H 1 fU -J A 22 108 38 39 22 2.790 38.8 5.6 1.626B 22 151 49 48 1 3.332 42.9 5.2 .355
TI- 1 A 35 194 38 39 13 3.048 42.4 5.7 1.923B 26 194 102 48 3 3.869 54.2 5.4 .313
IT- 2 A 39 259 38 39 17 3.352 48.9 5.9 2, ObbB 26 238 55 43 2 3.347 5o. 8 5.4 .383
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i%)K Ca Mg ifa P
IT- 3 A 30 151 32 1+3 18 2.928 1+3.9 5.8 1.582B 35 173 97 35 2 1+.1T+8 l+b.2 5.2 .33b
II- 1+ A 1+6 321+ 38 1+3 22 l+.l+lk 50.9 5.8 2.1+203 30 21b 97 1+3 1 1+.186 51.1+ 5.3 .320
II- 5 A 35 151 38 39 18 3.302 1+0.3 5.6 1.81+3B 22 8b to7 39 1 3.381 35.9 5.1 .301
II- b A 1+8 321+ 1+9 1+8 13 i+.2bl+ 55.3 6.0 1.7933 30 3 2k 125 1+3 1 1+.765 61.1+ 5.1+ .369
II- 7 A 35 302 38 1+3 22 1+.337 1+8.5 5.8 2.135B 22 238 85 1+3 1 3.390 b3.2 5.5 .298
IT- 8 A 35 19k 32 1+8 12 3.50b 1+3.8 5.7 1.677B 22 238 90 39 2 3.51+5 bl.l 5.1+ .271+
IT- 9 A 35 191+ 25 1+8 lb 3.3kl 38.5 5.7 2.200B 30 151 95 39 2 3.1+17 50.0 5.3 .31+8
11-10 A 2b 130 13 1+3 17 2.851 35.5 5.7 1.717B 22 151 b7 39 1 3.01+9 50.5 5.3 .372
11-11 A 30 151 32 39 18 3.370 37.7 5.7 2.15bB 22 130 85 39 1 3.b20 1+3.8 5.1 .351+
IT-12 A 39 151 38 39 15 3.181 1+2.2 5.9 1.910B 30 151 85 1+3 1 1+.351+ 39.7 5.2 .291
11-13 A 39 108 25 39 15 2.528 1+0.3 5.9 1.272B 22 151 38 35 3 2.39b 53.1+ 5.5 .291+
11-11+ A 39 281 38 39 13 1+.290 1+0.1+ 5.8 2.1o8B 2b 21b 97 39 2 1+.095 51.9 5.3 .327
H-15 A 22 130 25 39 18 2.923 37.1 5 »b 1.521+B 22 151 b7 1+3 2 1+.311+ 3b.1 5.2 .323
II -lb A 26 130 1+9 39 18 2.51+3 50.9 5.b 1.027B 30 8b 71 1+3 2 l+.b35 27.7 5.1 .321
11-17 A 22 151 25 39 17 3.093 38.1+ 5.7 1.9073 26 151 138 35 2 if. 091+ 51.9 5.1+ .381+
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11-18 A 48 367 60 39 17 4.204 62.5 6.0 2 . 0 4 3B 30 280 199 39 1 5.406 61.1 5.1 .416
11-19 A 30 151 25 35 18 3.293 36.2 5.7 1.936
B 22 173 169 39 1 4.403 56.8 5.4 .306
11-20 A 26 151 2 5 35 16 3.349 35.3 5.6 2.045
B 2b 130 228 35 1 4.93b 56.1 5.4 .331
IT-21 A 22 173 25 35 18 3.448 37.2 5.7 1.912
R 26 173 138 35 2 3.941 56.7 5.3 .364
11-22 A 4b 21b 49 39 18 5.125 34.7 5.6 2.834
B 39 151 1 5 5 35 2 4.794 48.0 5.2 .393
IT-23 A 30 151 32 43 19 2.205 58.3 5.7 1.604
3 39 151 155 35 2 4.4bb 51.5 5.3 .310
11-24 A 39 2 3 8 38 35 12 3.92b 44.8 5.7 2.0 4 bB 30 173 165 35 1 4«t>3b 53.3 5 . 2 .3 2 9
IT-25 A 35 173 32 35 21 4.854 28.3 5.7 2.019
B 39 86 165 35 1 5.537 37.2 5.0 .283
TT -2b A 26 173 38 35 13 3.437 4 0 . 8 5.7 1.808
B 26 173 1 7 1 39 1 4.431 57.0 5.3 .296
11-27 A 35 2 3 8 32 39 15 4.147 4 1 . 4 5.8 2.397
B 26 173 1 5 5 42 2 4.2J+6 56.7 5.3 .317
III- 1 A 35 130 19 39 24 1.790 59.7 5.8 1.755
3 30 173 210 39 2 5.883 48.6 5.2 .414
III- 2 A 26 21b 43 35 17 2.970 55.8 5.8 2.325
B 30 194 147 39 2 3.952 61.8 5.4 .358
TIT- 3 A 26 108 25 43 21 1.659 60.4 5.6 1.63b
B 30 173 112 35 1 4.391 46.2 5 .2 .342
ITI- 4 A 30 194 49 43 14 2.627 62.5 5.8 1.873
B 30 194 138 35 1 4.319 54.8 5.3 .355
TIT- 5 A 43 21b 38 35 26 3.1b9 52.4 5.7 2.272













{%)K Ca Mg Na P
III- b A 30 130 38 35 18 1.787 66.9 5.9 1.3323 35 191+ lb 5 1+3 2 5 .1+1+6 1+8.1 5.3 .339
TIT- 7 A 35 191+ 97 39 19 2.892 70.5 5.9 1.7083 30 191+ 175 39 1 1+.908 51+.5 5-1+ .331
i n -  e A 35 21b 25 35 lb 3.5bb 1+2.9 5.6 2.508B 26 191+ 151 35 2 1+.1+83 51+.6 5.2 .360
III- 9 A 1+3 191+ b 0 35 25 3.177 51+. 5 5.8 2.2513 30 191+ 125 35 1 1+.605 1+8.7 5.2 .335
ITI-10 A b0 3 0 2 55 35 32 5.1+26 1+1.9 5.8 2.69b
B 35 130 106 30 1 5.185 31+.: 5.3 .387
ITT-ll A 26 106 13 1+3 11+ 2.675 33.7 5.8 l.lj.OlB 30 151 106 35 1 3.920 1+6.3 5.2 .1+09
III-12 A 69 31+b 55 1+6 51 6.317 1+0.7 5.8 3.359B 35 151 102 30 2 1+.517 1+0./j 5.3 .350
111-13 A 35 151 19 39 19 2.b83 1+3.7 5.9 1.366B 30 173 138 30 1 1+.980 i+l+.b 5.3 .31+7
III-11+ A 1+3 130 38 39 3b 3.31+8 37.2 5.9 1.51+1+B 35 130 129 30 1 i+. 178 1+6.6 5.3 .369
Hl-15 A i+a 173 25 35 20 3.581 37.6 5.9 1.883B 26 2 3 8 195 35 1 5.201 58.3 5.1+ .357
III-lb A 22 130 25 35 19 3.53b 35.1 5.8 1.682
B 30 173 138 35 1 1+.11+8 51+. 1 5.3 .351
III-17 A 1+8 173 1+3 39 15 3.158 1+8.0 6.0 l.lii+9B 26 173 H+7 35 1 1+.739 1+8.7 5.3 .31+3
ITI-18 A 73 302 60 1+3 21+ 5.206 1+5.8 5.9 2.60bB 30 173 11+3 35 1 1+.716 1+8.5 5.3 .368
III-19 A 39 130 7 35 20 2.1+05 39.9 6.0 1.352
B 35 191+ 129 35 1 1+.911+ 1+6.5 5.3 .333
111-20 A 30 191+ 19 39 20 3.eo5 36.1 5.9 2.210B 26 151 129 30 2 3.669 55.2 5.1+ .275
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Table U.--(Continued)











(%)K Ca Mg Na P
TIT-21 A 78 389 & u So 6.039 U k . 5 5.9 3.0k3B 39 238 168 30 1 5.351 55.8 5.3 .381
TIT-22 A 39 151 13 39 22 3.130 3fa.5 5.9 1.839B 39 173 195 30 1 5.08U 53.5 5.3 .3Ub
1 1 1 - 2 3 A 73 259 U3 15 t>.057 37.1 5.8 3.260B 30 173 188 30 l U.937 53.5 5.2 .38U
CVJIHHM A 35 151 13 39 18 2.699 Ul.b 5.8 1.619P 17 19U 1U3 35 1 3.93U 59.9 5.5 • 3U5
111-25 A US 173 13 39 20 U.87S 26.0 5.7 3.0U5B 22 19U 155 30 1 U.615 53.0 5.3 . 3 2 2
III-26 A 52 216 32 39 21 3.817 U3.2 5.9 2.156
B 22 173 1U7 35 2 U.596 50.0 5.3 .337
TTI-27 A U3 173 25 39 20 U.505 30.0 5.6 2.7U0B 26 173 175 35 1 U.906 5 1 . e 5.2 • 3U9
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over I4. percent and the pH from 5«U to b.l̂ . In contrast to 
the Shubuta subsoil from the Homer plantation* the subsoils 
at Alexandria were only slightly higher In exchange capacity 
and generally lower In bases than the topaoils. Available 
Mg was the only base that was higher In the flner-textured 
subsoils.
The Ruston soil In the Washington Parish plantation was 
similar in chemical nature to the Alexandria soils with the 
exception of available phosphorus* which ranged from 11 to 
51 ppm. (Table I4.). This relatively higher available phos­
phorus is largely residual from fertilization practices 
followed while the field was cropped.
The available nutrients In these soils were so low that
the addition of fertilizers would have been required for 
ordinary crop production. The sandy loam and very fine 
sandy loam soils of the rolling and hilly areas of the 
Coastal Plain have generally been shown to require fertili­
zer additions when they contain as little as I4.O ppm. P* 60
ppm. K* 500 ppm. Ca* 50 ppm. Mg* and 70 peroent base satura­
tion (63)• The topsolls tested In this study were generally 
far below these fertility levels with the possible exception 
of magnesium.
The results of all soil testa are given In Appendix D. 
Due to the manner in which fertilizers were applied and the 
soil was sampled* the soil samples collected one and two 
years after fertilization were extremely variable In 
available nutrients. Since the fertilizers were applied In
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circular bands or holes rather than uniformly broadcast, 
soil analyses frequently showed very high concentrations 
of fertilizer elements, particularly of the relatively 
insoluble phosphate. In spite of this variability, it may 
be stated that there Were definitely residual effects from 
the applied phosphate end potash. These effects tended to 
vary with the rates cf phosphate end potash applied and the 
lapse of time since their application.
Effects of Fertilizer Treatments on Growth
The average heights and growth of the surviving trees 
for each fertilizer treatment In the three plantations are 
given in Tables 5, 6, end 7« The averap-e growth in the 
Homer plantation (Table 5) was over 5>0 percent grerter than 
the average growth in the Alexandria plantation ('T’able 6); 
in fact, the differences in growth of the unfertilized plots 
in the two plantations were even more pronounced. This 
greater growth nt Homer must be largely attributed to the 
complete eradication of weeds* In the Alexandria plantation 
weeds were not effectively controlled and their growth was 
stimulated by the fertilizers.
The 30 Inches of rainfall received at the Homer loca­
tion during the six-months period from April through 
September exceeded the rainfall for the same period at the 
Alexandria location by 5*5 Inches in 1959, but It was almost 
8 inches les3 during the same period In I960 (Appendix C).
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0- 0- 0 I8/4. 0.69 2 . 2 2 6 . 1 8 1.529 3.898 5.1+27
0 - 0 - 1 0 0 189 0.71 1.93 5.1+1+ 1 . 2 2 2 3.522 1+.71+1+
0 - 0 - 2 0 0 2 0 6 0.69 2 .11+ 6.31 1.1x60 1+.166 5.625
0 -1 0 0 - 0 181 0.69 2 . 5 2 6 . 8 0 I. 8 2 8 1+.21+3 6 . 0 7 00-100-100 191 0.714. 2.67 7.014- 1.930 1+.373 6.301+0-100-200 197 0.70 2.57 6.67 1.861 1+.091+ 5.9550-200- 0 198 0.63 2.1+5 6.62 1.813 1+.176 5.9890-200-100 191 0.65 2.50 6.71+ 1.81+7 1+.235 6 . 0 8 10-200-200 193 0.70 2.1+5 6.51+ 1.757 1+.08? 5.81+1+100- 0- 0 199 0.69 1*92 6.02 1.221 1+.088 5.310
100- 0-100 200 0.61+ 1.98 5.90 1.314-6 3.926 5.271
100- 0-200 180 0.71+ 2.15 6.01+ l.i+l+5 3.913 5.358
100-100- 0 199 0.58 2 . 3 0 6.70 1.717 1+.1+1+2 6.159100-100-100 205 0.63 2 . 3 8 6 • LJLj. 1 .71+8 1+.038 5.786100-100-200 198 0.66 2.1+8 6.85 1.821 1+.385 6.207
100-200- 0 18$ 0.69 2.30 6.1+3 1.6U+ 1+.106 5.720100-200-100 188 0.65 2.1+7 6.93 1.821 1+.1+59 6 . 2 8 0100-200-200 198 0.68 2.32 6.53 I.6I4-O 1+.176 5.816
200- 0- 0 177 0.73 1.75 5.5U 1.012 3.71+0 1+.752
200- 0-100 175 0.71 1.85 5.58 1.116 3.681+ 1+.800200- 0-200 188 0.73 1.86 5.29 1.114-5 3.1+57 1+.602200-100- 0 172 0.71 2.20 6.1+0 1 . 5 0 2 1+.198 5.700200-100-100 189 0.70 2 .I42 6.88 1.7214- 1+.1+06 6.130
200-100-200 182 0.66 2.3 3 6.26 1.1+79 1+.131+ 5.613200-200- 0 171 0.73 2.33 6.71+ 1.599 1+ *14 0 0 5.999
200-200-100 191+ 0.66 2.16 6.59 1.535 1+.377 5.912200-200-200 201+ 0.62 2.20 6.28 1.578 1+.077 5.656
Averei/e 190 0.68 2.25 6.36 1.571 1+.106 5.677
*Total of three blocks.
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Table 6.--Average heights and growth of surviving trees,
Alexandria plantation.
Fertilizer Number Average Ht. (ft.) Average Growth (ft.
Treatment of Apr. Nov. Nov. 1959 1960 1959 &(N-P2 05-K2 0) Trees-** 1959 1959 1 9 6 0 1 9 6 0
0 - 0 - 0 2 1 8 0.91 1.27 2.98 0.359 1 . 6 8 0 2.039
0 - 0 - 1 0 0 207 0.89 1 .1+1 3.37 0.517 1.920 2.1+37
0 - 0 - 2 0 0 197 0.92 1.28 3.03 0.31+9 1.703 2.052
0 -1 0 0 - 0 2 1 2 0.92 1.52 3.73 0.583 2.187 2.771
0 -1 0 0 - 1 0 0 2 0 2 0 . 8 8 1 .1+0 3.1+2 0.519 1.967 2.1+87
0 -1 0 0 - 2 0 0 209 0.77 1.39 3.39 0 . 6 1 8 1.991+ 2.612
0 -2 0 0 - 0 207 1 . 0 2 1 . 6 8 3.85 0 . 6 5 2 2 . 1 5 6 2.807
0 -2 0 0 - 1 0 0 2 1 2 1 . 0 1 1.55 3.57 0.539 1.993 2.533
0 -2 0 0 - 2 0 0 199 0.89 1.1+3 3.39 0.51+1+ 1.91+8 2.1+91
1 0 0 - 0 - 0 203 0.91 1.33 2 . 9 8 0.1+17 1.591+l.J+28
2 . 0 1 1
1 0 0 - 0 - 1 0 0 205 0.92 1.30 2.83 0.373 1 . 8 0 0
1 0 0 - 0 - 2 0 0 177 0.90 1.31+ 3.0J+ 0.1+35 1.621 2.056
1 0 0 -1 0 0 - 0 207 1 . 0 0 2 . 3 6 5.39 1.357 2.966 '+•322
1 0 0 -1 0 0 - 1 0 0 2 0 6 0 . 9 8 2.32 5.09 1.333 2.779 1+.112
1 0 0 -1 0 0 - 2 0 0 197 0.91+ 2 .1+0 5.39 1 .1+66 2.938 '+.1+01+
1 0 0 -2 0 0 - 0 189 0.31+ 2 . 1 2 1+.83 1.291+ 2 . 7 0 6 1+.000
1 0 0 -2 0 0 - 1 0 0 1 8 8 0 . 8 2 2 . 0 8 1+.69 1.268 2.597 3.865
1 0 0 -2 0 0 - 2 0 0 191+ 0.99 2.1+3 1+.95 l.iii+8 2.520 3.968
200- 0- 0 188 0.91 1.23 2.53 0.321+ 1.200 1.521+200- 0-100 209 0.92 1.20 2.68 0.283 1.1+1U 1.697
200- 0-200 176 0.61+ 1.13 2.50 0.286 1.230 1.516200-100- 0 191+ 0.99 2.29 5.38 1.295 3.110 l+J+05200-100-100 203 1.01+ 2.1+8 5.62 1.1+M+ 3.152 1+.596200-100-200 i e $ 0.73 1.71+ 1+.1+3 1 . 0 1 5 2.652 3*666200-200- 0 182 0.85 2.21 5.28 1.371 3.01+9 1+.1+20200-200-100 201+ 1.03 2.1+6 5.68 1.1+26 3.200 1+.626200-200-200 183 0.78 1.95 1+.90 1.257 2.909 1+.166
Average 198 0.91 1.75 1+.03 O. 8 3 8 2.21+2 3.031
#Total of three blocks.
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Table 7.--Average heights and growth of surviving trees in
Washington Pariah plantation.










1960 1959 I960** 1959 & 1 9 6 0
0 - 0 - 0 216 1.03 1.70 3.1a 0.663 1.715 2.378
0 - 0 - 1 0 0 219 1 . 0 6 1.59 3.28 0.532 1 . 6 8 0 2 , 2 1 2
0 - 0 - 2 0 0 2 2 0 1 . 0 0 1.60 3.36 0.603 1 . 7 6 6 2.369
0 -1 0 0 - 0 217 0.97 1 .1+1+ 3 . 1 0 0 .1*72 1,661* 2 . 1 3 6
0 -1 0 0 - 1 0 0 217 1.03 1.69 3.52 0.652 1,837 2 .1*88
0 -1 0 0 - 2 0 0 216 0.99 1.59 3J*3 0 . 6 0 2 1 . 8 3 8 2 .1*1*0
0 -2 0 0 - 0 216 1 . 0 1 1 . 6 6 3.35 0 . 6 5 0 1.691* 2.31*1*
0 -2 0 0 - 1 0 0 219 0.98 1.53 3.19 0.51*8 1 . 6 5 0 2.191*
0 -2 0 0 - 2 0 0 223 1 . 0 8 1.70 3.1*5 0.622 1 .71*6 2 . 3 6 8
1 0 0 - 0 - 0 202 0.91 1 .1+1+
1.65
3 . 2 0 0.531 1.761 2.291
1 0 0 - 0 - 1 0 0 193 1.06 3.53 0.596 1.877 2.1*73
1 0 0 - 0 - 2 0 0 198 0.95 1.61+ 3.72 0.691* 2 . 0 7 8 2.772
1 0 0 -1 0 0 - 0 20 6 0.99 1.63 3.71* 0.61*3 2 . 1 1 1 2.751*
1 0 0 -1 0 0 - 1 0 0 197 0.37 1.1+3 3.25 0.559 1.813 2.372
1 0 0 -1 0 0 - 2 0 0 2 0 6 0.96 1 . 6 0 3.57 0 .631+ 1.971* 2 . 6 0 8
1 0 0 -2 0 0 - 0 2 2 0 1 . 0 4 1.59 3.36 0 .650 1.769 2.319
1 0 0 -2 0 0 - 1 0 0 2 1 1 1 . 0 1 1.61+ 3. 56 0 . 6 3 6 1.911* 2.552
1 0 0 -2 0 0 - 2 0 0 192 0.31 1.39 3.29 0.587 1.892 2 .1*78
2 0 0 - 0 - 0 173 0 . 8 7 1.39 3 . 2 2 0 . 5 2 1 1.632 2.351*
2 0 0 - 0 - 1 0 0 162 1 . 0 8 1.67 3 .1*8 0.597 1 . 8 0 2 2.399
2 0 0 - 0 - 2 0 0 169 0.98 1.80 3 . 6 6 0.920 1.815 2.653
2 0 0 -1 0 0 - 0 209 0.92 1.1+3 3.56 0.501* 2 . 1 1 8 2.626
2 0 0 -1 0 0 - 1 0 0 186 0 . 9 8 1.61 3.38 0.625 1.71*1 2.381+
2 0 0 -1 0 0 - 2 0 0 192 0 . 9 2 1.14-7 3.25 0.553 1.752 2.319
2 0 0 -2 0 0 - 0 2 0 8 1 . 0 1 1.57 3.1*1 0.559 1.833 2.391*
2 0 0 -2 0 0 - 1 0 0 208 l.Oi* 1 . 7 0 3 . 6 6 0,665 1.91*9 2 . 6 1 6
2 0 0 -2 0 0 - 2 0 0 203 1 . 0 6 1.72 3.56 0.660 1.921 2.1*87
Average 2 0l+ 0.99 1.59 3.1*3 0.603 1.331 2.1+36
*Total of three blocks.
**Only growth period affected by treatments, since fertili­
zers were applied at the beginning of I9 6 0 ,
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The total annual rainfall of 50 Inches during 1959 was 1.7U- 
inches greater at Homer than at the Alexandria location* 
During I960, the total rainfall of 50 inches at Homer was 
over 11 inches less than the total received at Alexandria* 
The dlfferencea In nutrient status of the soil before 
fertilization were not great enough to explain the greater 
growth at Homer* In faot, the topaolls In the Alexandria 
plantation were generally higher In organic matter and bases 
than at Homer (Tables 2 and 3)* Therefore, differences In 
growth between these two locations were probably due more 
to weeds competing for nutrients and moisture In the 
Alexandria plantation than to differences In rainfall or to 
differences in native fertility of the soils* The effect of 
vigorously growing weeds on reducing soil moisture to a 
critical point for first-year pine seedlings has been 
stressed by Cummings (18), Derr (20), Doolittle (21),
Walker (b8), and others*
A second observation to be noted is that average growth 
for the second year after fertilisation was 2.6 times the 
average growth for the first year at both the Horaer and 
Alexandria locations* The Homer plantation grew an average 
of 1*571 feet in 1959 and l̂ .lOb feet during 1960* The 
Alexandria plantation grew 0*838 foot in 1959 and 2*214.2 feet 
in I960* The Washington Parish plantation grew 1*831 feet 
in I960, the first year after fertilization. Whether the 
increased second-year growth was caused by the additional 
year of age the trees had attained or whether the effects
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of fertilisers on growth were more pronounced the second 
year after fertilization remains to be answered. Since the 
ages of the trees in all plantations were the same, the 
fertilizer effects during I960 would have been expected to 
be similar for the three plantations. However, the I960 
growth in the Washington Parish plantation was more nearly
of the same magnitude as the 1959 growth in the two other
plantations. When one considers the originally higher 
fertility status of the soil in the Washington Parish 
plantation (Table U), it appears that the effects of the 
fertilizers were more obvious the second year after appli­
cation. The more extensive root systems of the older trees 
end possibly more widespread distribution of the soluble 
fertilizer elements in the soTl during the second ye'r might 
have caused this greater growth. A comparison of the 1961 
growth in the Washington Parish plantation with its I9 6 0
growth should supply additional evidence in support of this
point.
According to Walker (70), some forest physiologists 
believe that a one-year delay in obtaining height growth 
response to fertilizer applications is inevitable.
Pritchett and Robertson (5^) investigated the effect of 
tree age at time of application on the response to ferti­
lizers. Three rates of 8-8-8 fertilizer were applied to 
slash pine at Ij. and 16 months after transplanting on Lake­
land fine sand in Florida. There was no significant re­
sponse to fertilizer application among trees to which
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fertilizer was applied at I4. months after transplanting; 
however, the same rate of fertilizer per acre resulted in 
significant height growth responses in the older trees.
Variations in growth among fertilizer treatments may 
also be noted in the foregoing tables. Data in Table 5 
indicate a stimulation of growth by phosphorus and a retar­
dation of growth in 1959 by nitrogen in the Homer planta­
tion, The analysis of variance for 1959 growth at Homer 
proved the main effects of both nitrogen and phosphorus to 
be highly significant (Table 8 ), The effect of nitrogen on 
growth, however, was not significant in the analysis of 
variance for I960 grov;th, but phosphorus continued to have 
a highly significant effect (Table 9), The detrimental 
effect of nitro en on 1959 growth was so severe as to cause 
the nitrogen effect to be apparently highly significant In 
the analysis of variance for total growth for the two-year 
period (Table 10), Although the interaction of nitrogen 
with phosphorus did not prove to be significant in any of 
the three analyses of variance, the addition of phosphorus 
appeared to overcome some of the detrimental effects of 
nitrogen on growth. By orthogonal comparison of application 
rates, it was found that the effect of nitrogen was linear 
whereas the effect of phospnorus was both linear and 
quadratic. These effects are illustrated in Figures 1C and 
11.
The analyses of variance for 1959 growth (Table 11), 
for I960 growth (Table 12), and for the total growth for the
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Blocks 2 0,21*7780 0.123890 7.65*-?!-
Treatments:
N o«_ 1,121*380 0,562190 31* * 7 0-M-K-
P 2 3,1*11*091 1.70701*6 105.37**K 2 0.032610 0.016305 1.01
NxP k 0.028325 0.007081 0.1*1*NxK 1* 0.0901*66 0.022616 i.l*oPxK k 0.1081*37 0.027109 1.67
NxPxK 8 0.2591*32 0.0321*29 2.00
Combined error £2 0.81*21*18 0.C16200
Total 80 6.31(7939
■»-”-Slgnlfleant at the 0*01 level of probability*
84











Blocks 2 1,867938 0.933969 13.57**
Treatments:
N 2 0,173281 0.086640 1.26
P 2 3.222882 1 *6111441 23.1+2*:-
K 2 0.148878 0.074439 1 , 0 8
NxP 4 0.426600 0.107150 1.56NxK 4 0.37502J+ 0.093756 1.36PxK b 0.353746 0.088436 1.29
NxPxK 8 0.992263 0.124032 i . e o
Combined error 52 3.577919 0.068606
Total 00 11.140531
■»h*Signifleant et the 0,01 level of probability.
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Blocks 2 2.1*50006 1.225003 9.1*8**
Treatments:
N 2 1.681*381 0.81*2190 6 , 52**
P 2 13.267376 6.633688 51.36*"
K 2 0.177621* 0.058812 0.1*6
NxP k 0.6361*42 0.159110 1.23NxK b 0.581*200 0.1k60500.182896 1.13PxK k 0.731581* 1.1*1








**Slgnifleant at the 0,01 level of probability.
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Lbs. ?2°5 per Aor#
Figure 11.— The effect of phoaphorue on growth of loblolly 
pine on Shubuta sandy loam and loamy fine sand at Homer, 
La.
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Blocks 2 0,011014-9 0,0055214. 0.12
Treatments:
N 2 k. 221+2+314. 2.112217 67.61+*h*P 2 8,833221 1+.1+16610 114.1.1+3**K 2 0.029615 0.011+807 0.1+7
NxP k 2.597517 0.61+9379 2 0 .8 0-sh;*NxK k 0.302207 0.075552 2 .14-2PxK k 0.010031+ 0.002508 0.08
NxP xK e 0,214.5276 0.030659 0.98
Combined error is 1.623653 0.031228
Total 80 17.877206
-M-ifSIgnifleant at the 0,01 level of Drobability,
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Blocks 2 0.032108 0 . 0 1 6 0 5 4 0.23
Treatmenta:
N 2 3.53014.08 1.765204 25.30**P 2 20.267006 1 0 . 1 3 3 5 0 3 145.22**K 2 0.267526 0.133763 1.92
NxP 4 6.677814-6 1.669462 23.92**NxK k 0.2433714 0.108428 1.55PxK 4 0.196620 0.049155 0 . 7 0
NxPxK 8 0.240295 0.030037 0.43
Combined error 52 3.628657 0.069782
Total 80 35.27M82
**Signlfleant at the 0.01 level of probability.
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two years (Tsbls 13) In the Alexandria plantation showed the 
main effects and the Interaction of nitrogen and phosphorus 
to be highly significant. When applied alone or with 
potash, nitrogen retarded growth. In combination with 
phosphorus, however, nitrogen Increased growth above the 
growth of the unfertilized plots. In the same manner, the 
addition of nitrogen with phosphorus Increased the benefi­
cial effect of phosphorus. The orthogonal comparison of 
application rates proved the rates to be influential on 
growth in both linear and quadratic forms. Because the NxP 
Interaction was significant in the analysis of variance, 
the influence of each element could be illustrated only at 
each of the three levels of the other as shown in Figures 
12 through 17. The optimum growth response was obtained 
with a combined application of N and P at the rate of 100 
pounds per acre of each, although the maximum growth over 
the two-year period was obtained at the 200-pound rate 
of each.
Growth during the first year after application of 
fertilizers In the Washington Parish plantation was signifi­
cantly affected only by nitrogen (Table ll*). The maximum 
growth was obtained at the rate of 100 pounds per acre 
(Figure 18). The beneficial effect of nitrogen application 
in this plantation was In dlreot contrast to the detrimental 
effect obtained at the other locations. The significant N 
and P Interaction in the Alexandria plantation may offer a 
possible explanation for the diversity. It should be
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Blocks 2 0.00714-73 0.003736 0 . 0 2
Treatments:
N 2 15.1214-133 7 . 5 6 2 0 6 6 14-7.71*-*P 2 55.791A23 27.897062 176.01**K 2 0 .I4.66180 0.233090 1.U7
NxP li. 17.132639 14-.283160 2 7 .0 2 **NxK k 1 . 3 7 0 0 8 2 0 .3lf2 5 2 0O.O6 2 I4.99
2.16
PxK k 0.214.9997 0.39






















Lbs. P2°5 per Acre
200
Figure 12.-*-Effsot of phosphorus on 1959 growth of loblolly 
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F ig u r e  1 3 , — E f f e o t  o f  phoephorua on 1960  grow th  o f  l o b l o l l y  
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Figure 11*. — Effect of phosphorus on two-year growth of
















L be. H p er  Aore
200
Figure 15.— Effeot of nitrogen on 1959 growth of loblolly















Lbs. N per Aore
Figure 16.»-Effeot of nitrogen on I960 growth of loblolly















1.5 0 100 200
Lba# N p er  Aore
Figure 17.--Effect of nitrogen on two-year growth of loblolly
pine In the Alexendrle plantation.
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Blocks 2 1.069382 0.531*691 10.1*5**
Treatments:
N 2 0.1*26555 0.213278 1*.17*P 2 0.052603 0.026302 0.51K 2 0.020521 0.010260 0.20
NxP h 0.01*5269 0.011317 0.22NxK k 0.211275 0.052819 1.03PxK h 0.191332 0.01*7833 0.93
NxPxK 8 0.328926 0.01*1116 0.80
Combined error 2.660203 0.051158
Total 80 5.006066
^Significant at the 0.05 level of probability. 








Lbs* IT p er  Aore
F ig u r e  1 8 * — E f f e c t  o f  n itr o g e n  on I9 6 0  grow th o f  l o b l o l l y  
p in e  on R ueton san d y  lo e a  to  lo e a y  send  in  th e  W ashington  
P e r is h  p la n t a t io n .
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recalled that samples of the topaoll from the Washington 
Parish plantation contained an average of 21 ppm. of avail­
able phosphorus before the fertilizers were applied. This 
amount of.soil phosphorus may have been enough to support 
the increase in growth from the applied nitrogen, in which 
case added phosphorus was unnecessary. In the same manner, 
the application of more than 100 pounds per acre of 
produced little or no Increase in growth at either 
Alexandria or Homer. Loblolly pine may also be more capable 
of utilizing applied nitrogen once the root system has 
become well established after out-planting.
The survival rate in all three plantations was signifi­
cantly reduced by nitrogen applied in the form of urea.
The greater mortality In the urea-treated plots was attrib­
uted to toxicity. In the same manner, normal growth might 
also have been retarded by the toxic effect of the urea. 
Under normal temperature and soil moisture conditions, urea 
is rapidly hydrolized and free NH^ may be produced In the 
process. In large quantities, NH^ Is usually harmful to the 
roots of plants. In a greenhouse study attempted by the 
author, young loblolly seedlings were rapidly killed by NH^ 
produced very soon after the addition of relatively small 
amounts of urea fertilizer. An exeeas of ammonium salts 
resulting from the hydrolysis of urea might have also 
increased the osmotic concentration of the soil solution so 
that harm to the plants occurred. The manner in which the 
fertilizers were applied in this study undoubtedly produced
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much higher salt concentrations in the vioinity of the roots 
than would have occurred if the fertilizers had been uni­
formly broadcast. Injurious effects from the application 
of soluble fertilisers have been noted in many of the 
reports covered in the review of literature aectlon.
Muriate of potash produced no significant growth in­
creases at either of the three locations. Woodwell (80) 
proposed that from 25-300 ppm. of available K was optimum 
for loblolly pine growth. In most plots, the soil samples 
contained enough available K to be well above the lower 
limit of this range. Slash pine responded to additions of 
potash only when the soil level of KpO was below I4.0 ppm. 
(52). Very low amounts of available potassium may there­
fore also be sufficient to satisfy the requirements of 
loblolly pine.
Further research with fertilizers applied at rates 
below 100 pounds per acre of N and P is needed to determine 
what rates are optimum for loblolly pine growth under the 
conditions existing in Louisiana. The same amount of growth 
might have been obtained at lower levels of fertilizers 
than were used in this study.
Results of Foliar Analyses
The results of the Chemical analyses of needles 
collected from the Homer plantation after the 1959 and I960 
growing seasons are given In Table 15. Ho definite trends
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1C Ca Mg 
oven-dry weight)
0 1 0 1 o I 1*71*.
1*5?
.086 • 61*0 .282 .080
II 1*93 .082 .378 .816 .107III 1.90 .051* .760 .356 .107
0- 0-100 I 1.614. .101* .61*0 .282 .061*
II 1.83 .113 .378 .592 .133III 1.96 .057 .661* .333 .093
0- 0-200 I 1.66 .076 .872 .259 .061*
II 1.83 .106 .378 .1*61* .133III 2.15 .060 .728 .311 .080
0-100- 0 I 1.79 .090 .728 .329 .061*II 1.76 .096 .333 .616 .093III 2.06 .072 .792 .333 .093
0-100-100 I 1.61 .092 .752 .259 .01*8
II 1.8? .100 .333 .621* .107III 1.76 .076 .656 .289 .093
0-100-200 I 1.88 .060 .800 .259 • 0k8
II 1.80 .086 .311 .680 .080III 2.09 .072 .51*1* • 1*1*1* .107
0-200- 0 I 1.87 .061* .768 .235 .01*8II 2.08 .100 .311 .768 .067
III 1.70 .062 .81*0 .311 .093
0-200-100 I 1.65 .01*8 .1*56 .259 .061*II 1.91 .116 • 356 .592 .080III 2.13 .060 • 661* .1*22 .133
0-200-200 I 1.59 .079 .568 .235 .080II 1.88 .120 .333 .501* .107III 2.68 .058 .861* .311 .080
100- 0- 0 I 1.66 .110 .621* .188 .032
II 1.77 .079 .356 .701* .053III 1.82 .081* .952 .311 .080
100- 0-100 I 1.89 .062 .552
■ M
.096II 2.07 .077 .333 .093III 1.75 .077 .568 .311 .11*7
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Table 15.--(Continued)
Fertiliser Hep. N P K Ca MgTreatment No. (Percent of oven-■dry weight)
100- 0-200 I 1.72 .079 .672 .306 • 112
I I 2.714- • 068 .333 .528 .093
I I I 2*26 .080 .568 .378 .093
100-100- 0 I 1.61 .070 .501+ .259 .061+
I I 2.50 .071+ .333 .696 .093
I I I 1.95 .092 .680 .356 .093
100-100-100 I 1.72 .116 .512 .282 .061+
I I 1.73 .123 .311 .61+8 .120
I I I 1.67 .096 .632 .378 .107
100-100-200 I 1.75 .058 .672 .353 .080
I I 1.93 .130 .289 .560 .120
I I I 1.02 .079 .781+ .356 .080
100-200- 0 l.b6 .086 .1+1+0 .329 .080
I I 2.09 .113 .378 .568 .120
I I I 1.91 .106 .576 .378 .080
100-200-100 I 2.08 .057 .632 .235 .080
I I 1.78 .076 .333 .661+ .120
I I I 1.71+ .080 .862 .356 .080
100-200-200 I 1.77 .058 .568 .259 .061+
I I 1.78 .090 .356 .576 .120
I I I 1.68 .101+ .592 .378 .120
200- 0- 0 I 1.88 .062 .1+88 .282 .080
I I 1.65 .082 .311 .71+1+ .133
I I I 1.81 .072 .560 .356 .120
200- 0-100 I 2.07 .056 .568 .282 .061+
I I 1.71 .086 .289 .608 .107
I I I 1.85 .062 • 6i+0 .356 .080
200- 0-200 I 1.81+ .060 .1+72 .306 .061+
I I 1.75 .070 .333 .872 .120
I I I 2.1+2 .056 .592 .311 .067
200-100- 0 I 1.82 .062 .600 .282 .061+
I I 2.05 .102 .333 .61+0 .107
I I I 1.63 .076 .61+8 .311 .093
200-100-100 I 1.81 .096 o00• .259 .061+
I I 1.98 .077 .71+1+ .311 .053











200-100-200 I 1.58 .056 .576 .235 .01*8II 2.114. • 08b • 61b .289 .120III 1.83 .071* .736 .331* .067
200-200- 0 I 1.76 .060 • b80 .212 • Obi*
II 1.71+ .077 • bl*0 .311 .107III 2.37 .Obb .252 .35b .080
200-200-100 I 1.77 .080 • 69b .235 .080II 1.72 .102 .686 .333 .107III 1.98 *0b8 • b5b .35b .093
200-200-200 I 2.1+0 .102 .701* .235 .01+8II 1.75 .088 .632 .333 .080III 1.72 .101+
I960
.672 .333 .107
0101o T-4- 1.1+1 .071* .560 .189 .107II 1.38 ,11b .512 .133 .093ITT 1.1*0 .Obb .i*bi* .11*1 .095
0- 0-100 I 1.1*1 .088 • b2l* .11*5 .100IT 1.1*0 ,11b .1*80 .126 .093III 1.1*2 • 0b2 .51*1+ .11*8 .088
o- 0-200 I 1.39 .123 .600 .138 .089II 1.1*2 .10b .600 .131 .091III 1.1*5 .076 .552 .091* .051
0-100- 0 I 1.32 .113 • 5b8 .11+5 .107II 1.36 .096 .116 .10kIII 1.1*0 .070 .153 .078
0-100-100 I 1.1*3 .113 .560 .162 .085II 1.35 .120 .600 .109 .093III 1.36 .079 • 51*1* .11*1 .082
0-100-200 I 1.1*0 .102 • 61b .153 .096II 1.35 .lib • 5b8 .119 .087III 1.31* .077 .51*1+ • 11*6 .081
0-200- 0 I 1.33 .081* .51*1* .155 .120II 1.1*0 .10b .552 .101+ .087III 1.35 .079 .501+ .11+8 .08b
io5












0-200-100 Ta. 1.1+1 .123 .600 .387 .088II 1.1+3 .326 .560 .128 .093III 1.35 .071+ .51+1+ .092 .078
0-200-200 I 1.1+2 .090 .576 • 3-71+ .100IT 1.1*0 .120 .581+ .128 .083III 1.25 .076 .592 .092 .051+
100- 0- 0 I 1.1+8 .3 00 .528 .170 .095II 1.1+0 .320 .51+1+ .336 .083III 1.38 .071+ .520 .31+1 .050
100- 0-100 I 1.1+9 .079 .552 .158 .073II 1.1+3 .09b .536 .136 . 0 8 3III 1.1+0 .071+ .592 .122 .053
100- 0-200 I 1.1+ 9 .126 .608 .31+8 .083II 1.1+0 .120 . 656 .111+ .083ITT 1.1+1+ .076 .560 .11+1 .01+2
100-100- 0 I 1.35 .126 .576 .153 .096II 1.36 .082 .501+ .131 .100III 1.1+0 .070 .1+96 .3 55 .065
100-100-100 I 1.27 .106 .592 .111+ .096II 1.39 .101+ .552 .119 .096IT] 1.35 .072 .568 .092 .051+
100-100-200 I 1.1+b • 0 8 b .600 .11+5 .083II 1.35 .102 .616 .121 .072III 1.33 .071+ .581+ .331+ .039
100-200- 0 I 1.39 .081+ .600 .150 .091II l.l+o .100 .560 .328 .093III 1.1+5 .080 .576 .155 .065
100-200-100 I 1.1+1 .068 .608 .111+ . 0 8 0II 1.36 .120 .501+ .121 .083III 1.37 .077 .565 .158 .051
100-200-200 I 1.1+0 . 0 8 0 .592 .138 .067II 1.1+6 .123 .552 .111+ .101+III 1.1+1 .079 .61+0 .129 .050














200- 0-100 I 1 .1+2 .081+. • 5b 8 .109 .085II 1,1+2 .116 .600 .112 .087IJ I 1.39 .077 .608 .131+ .035
200- 0-200 I 1.1+3 .lib .581+ .153 .073II 1.1+6 .077 .600 .126 .085TIT 1.145 .079 .616 .129 .055
200-100- 0 I 1.50 .101+ .1+88 .160 .080
II 1.1+1+ .086 . 51+1+ .111+ .091III 1.1+2 .076 .528 .155 .073
200-100-100 I 1.1+5 .079 .616 .153 .069II l.i+i .116 .592 .126 .080III 1.39 .0 6 0 • 65b .11+6 .01+3
200-100-200 I 1.39 ,08b .592 .11+8 .080IT 1.1+2 .10b .581+ .111+ .073III 1.38 .079 .552 .11+1 .01+7
200-200- 0 I 1.1+0 .110 .528 .158 .113II 1.38 .106 .592 .126 .080TIT 1.39 .080 .S b h .161+ .061
200-200-100 I 1.1+1+ .110 .621+ .158 .067II 1.38 .101+ .576 .121 .080III 1.1+5 .079 ,b56 .165 • 01+6
200-200-200 I l.l+l .126 .600 .138 .071II 1.1+2 .110 .576 .116 .080
III 1.35 .079 .672 .150 .053
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In the uptake of nitrogen, phosphorus, or potassium as a 
result of applied fertilizers are shown in the nutrient 
content of the 1959 needles. Extreme variations between 
replications were noted. For example, potassium in needles 
collected from trees in the second replication was consist­
ently lower then in the first and third replications. 
Calcium, on the other hand, was highest in the second repli­
cation. The nitrogen content of needles from some plots to 
which no nitroren was added exceeded the nitroren content of 
needles from some nlots to which nitrogen was added. 
Nitrogen, phosphorus, potassium, and magnesium are readily 
translocated from old to young tissues ( 3 5 ) f and it may well 
be that the needles produced during 1959 would have con­
tained amounts of these elements which were in the foliage 
of the trees at the time of planting. The content of nutri­
ent elements in I960 foliage was generally lower than in the 
1959 foliage. It should be pointed out, however, that the 
total amounts in the trees may have increased even though 
percentages decreased. The trees grew much taller and pro­
duced considerably more needles during i960 than during 
1959; so the total weight of foliage produced the second 
year far exceeded the weight of foliage the first year after 
fertilization. An increase In total dry weight of needles 
causes the concentration of some elements to decrease while 
absolute amounts are increasing (35). Differences between 
replications were smaller in the I960 needle samples than 
in the 1959 samples, but again no trends in uptake resulting
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from fertilizer applications are apparent from the percentage 
concentrations*
The relationship between applied fertilizers and 
nutrient content of the foliage collected from the Alexandria 
plantation Is much clearer. Trees receiving applications of 
urea N alone or in combination with potash oontained rather 
high percentages, 2.0 to 2.7* of nitrogen in the 1959 
foliage (Table lb). The nitrogen content of needles from 
trees which received phosphate applications In addition to 
urea was somewhat lower. This difference can be explained 
by the larger wel ht of needles oroduced by these trees 
when compared to the much smaller trees which did not 
receive the combination of phosphorus and nitrogen ferti­
lizers. On a total-growth basis, the amount of nitrogen 
may have been the seme. The percentages of potassium and 
phosphorus also tended to increase with the application of 
phosphate and potesh. Foliage collected after the 19b0 
growing season contained less nutrients on a percentage 
basis than did the 1959 foliage. The greater amount or 
needles produced by the larger trees during I960 would cause 
the percentage contents to decrease while the total nutrient 
content may have shown little change.
A comparison of the nutrient content of needles 
collected from the Washington Parish plantation before the 
application of fertilizers with the nutrient content of 
needles collected after the first year of fertilization can 
be made from data in Table 17* Nutrient content was rather
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0 1 0 1 o I l,b2
1 9 5?
.113 .504 .100 .152II 1.59 .056 .4b4
.528
.282 .224
III 1.33 .120 .282 .160
0- 0-100 I 1.53 .079 .528 .090 . 1 2 4II 1.51 .110 • 568 .235 .176III 1.51 .102 .b00 .259 .160
0- 0-200 I i.4o .096 .560 .090 .152
II 1.48 .084 .568 .259 .160II1 1 .14-6 .104 .592 .259 .128
0-100- 0 I 1.49 .102 •464 .090 .152II 1.42 .080 .480 .282 . 2 2 4
III 1.58 .116 .552 .235 .128
0-100-100 I 1.48 .092 .608 .090 .152II 1.49 .113 .544.5b6
.282 .160
III 1.42 .074 .259 .144
0-100-200 I 1.38 .102 .568 .110 .600
II 1.39 .12b .568 .259 • IbO
III 1.42 .12b .600 .259 .144
0-20C- 0 I 1.32 .113 .560 .130 _  —II 1.46 .070 .552 .282 .22RIII 1.48 .136 • 560 .282 . 12o
0-200-100 I 1 . 4 1 .113 .512 .120 .152II 1.35 .133 • 5b 8 .282 .224
III 1.38 ,10b .568 .282 .176
0-200-200 I 1.34 .082 . 5b0 .110 .138II 1.42 .110 .552 .259 .224III 1.31 ,12b .552 .259 .144
100- 0- 0 I 2.29 .058 .376 .090 .110
II 2.3 2 .080 .432 .235 .224III 2.34 .044 .416 .212 .128












100- 0-200 I 1.32 .066 .501+ .060 .110
II 2.11 .051+ .608 .235 .128
III 2.17 ,066 .512 .212 .160
100-100- 0 I 1.67 .106 .1+21+ 1.261+ .303IT 1.62 .082 .1+21+ .212 .160
III 1.52 .106 .480 .259 .160
100-100-100 I 1.58 .12b .552 .110 .152
II 1.77 .090 .528 .259 .11+1+III 1.66 .11+0 .536 .235 .11+1+
100-100-200 I 1.61+ .100 .568 ,100 .110
II 1.51* .082 .552 .235 .160TIT 1.44 ■ 1 5 0 • 608 .259 .11+1+
100-20C- O I 1.76 .080 ,1+1+6 .110 .110
II l.J+6 . 1 3 0 .1+80 .259 .128III 1.39 .136 .560 .259 .11+1+
100-200-100 I 1.77 .120 .528 .090 .1+00II 1.57 .136 .536 .259 .128III 1.80 .11+0 .501+ .259 .11+1+
100-200-200 I 1J+7 .08b .1+88 .100 .138II 1.1(1 .113 • 6l6 .259 .128III 1.57 .100 .616 .235 .144
200- 0- 0 I 2.66 . 01+6 .33 6 .080 .083II 2.71 .068 .1+08 .212 .128III 2.1+9 .056 .1+16 .212 .11+4
200- 0-100 I 2.24 .058 .528 .080 .110II 2.51 .061+ .552 .212 .112
III 2.51+ .070 .576 .235 .128
200- 0-200 I 2.55 .057 .501+ .080 .345II 2.56 .077 .512 .235 .112III 2.51+ • 066 .512 .212 .048
200-100- 0 I 2.06 .113 .38k .100 . 1 2 4II 2.39 .071+ .1+08 .235 .112III 2.03 .130 .1+1+0 .259 .144
200-100-100 I 2.11+ .101+ .1+56 .100 .138II 1.81+ .086 .1+80 .259 .128III 2.20 .11+0 .1+72 .235 .144
Ill









200-100-200 I 2.00 .088 .536 .090 .800II 2.23 .088 .1+80 .259 .128III 1.79 .11+5 .552 .259 .160
200-200- 0 I 1.80 .101+ .1+56 .100 .17911 2.27 .079 *1+16 .259 .128
ITT 2.09 .133 .1+1+8 .235 .160
200-200-100 I 2.13 .130 .1+72 .090 .083II 2.13 .12+5 .512 .259 .128IIT 1.91 .133 .l+lb .259 .176
200-200-200 I 1.8b .082 .552 .100 .096
II 1.99 .116 .528 .235 .11+1+TIT 1.91 .102 .1+80 .235 .176
I960
0101o I 1*93 .000 .l+lb .181+ .110II 1.1+7 .003 .1+00 .235 .121+III 1.61 .123 .1+32 .235 .117
0- 0-100 I 1.8b .106 .1+32 .223 .120IT 1.57 .120 .1+88 .165 .131ITT 1.53 .120 .1+21+ .235 .138
0- 0-200 I 1.51 .101+ .1+56 .193 .115II 1.65 .130 .1+61+ .212 .138III 1.57 .116 .1+72 .212 .138
0-100- 0 I 1 . 61 .110 .1+72 .202 .101+II l.b0~ .133 .1+1+0 .212 .121+ITT l.bl .lib .1+56 .212 .121+
0-100-100 I 1.51 .102 .1+32 .233 .131II 1.52 .110 .1+32 .235 .121+III l.5o .113 .l+lb .223 . 121+
0-100-200 I 1.53 .110 .1+1+0 .251+ .126II 1.52 .102 .1+06 .200 .131ITT 1.61 .123 .1+1+0 .186 .110












0-200-100 I 1.5b .116 .1+72 .235 .135II 1.1*9 .113 • l+i+8 .193 .138III 1.50 .106 • 1+1+8 .200 .121*
0-200-200 I 1.57 .102 .1+72 .200 .121+II 1.55 .120 .1+32 .223 .l»+5III 1.53 .116 .1+61* .188 .121+
100- 0- 0 I 1.55 .096 .1+21+ .188 .120II 1.51 .113 .1+1+0 .212 .138
ITT 1.50 .110 .376 .165 .110
100- 0-100 I 1.1+6 .100 .1+08 .223 .120
II 1.51 .090 .1+08 .235 .152
III 1.52 .110 .1+16 .212 .117
100- 0-200 I 1.55 .106 • 560 .202 .118II 1.58 .100 • 1+1+8 .165 .121+III 1.55 .110 .t+tlo .212 .117
100-100- 0 I 1.65 .110 .360 .202 .128
II 1.1*6 .120 .1+06 • 165 .121+III 1.1*2 .110 .360 .212 .121*
100-100-100 I 1.52 .101* J+61* .282 .11+1II 1.1+8 .116 .1+1+0 .188 .138
ITT 1.51* .110 .1+1+8 .212 .117
100-100-200 I 1.51 .106 .1+1+8 .181 .108II 1.50 .090 .1+08 .176 .138
III 1.1*5 .106 .1+08 .212 .131
100-200- 0 I 1.60 .106 .1+21+ ,18b .133II 1.1+6 .126 .1+00 .165 .131III 1.1+3 .106 .360 .212 .121+
100-200-100 I 1.1+8 .102 .1+08 .165 .115II 1.1+8 .101+ .1+21* .188 .121*III 1.1+9 .110 .1+61+ .165 .110
100-200-200 I 1.56 .106 .1+56 .200 .11*9IT 1.1+7 .116 .1+21+ .165 .121*III 1.55 .116 .1+56 .165 .110














200- 0-100 I 1.52 .101* 408 .261 .11*6IT 1.1*2 .102 .1*08 .186 .117III 1.1+2 .102 .1*00 .212 .096
200- 0-200 I 1.55 .110 .Ui*o .188 .111II 1.1*9 .120 .1*16 .188 .121*TIT 1.1*9 .101* .1*72 .235 .103
200-100- 0 I 1.62 .113 • l*5o .11*1 .101II 1.61 .126 .1*32 .176 .117TIT 1.55 .106 .392 .188 .110
200-10^-100 I 1.57 .113 .1*80 .200 .112IT 1.1*0 .100 .381* .176 .110III 1.57 .113 .1*80 .188 .110
200-100-200 I 1.59 .116 .528 .179 .106
IT 1J0* .113 .1+21+ .212 .121*III 1.1*1* .106 .1+08 .165 .117
200-200- 0 I 1.57 .113 .1*1*0 .155 .111IT 1.60 .120 .1*00 .176 .131
ITT 1.57 .110 .381* .212 .110
200-200-100 I 1.53 .113 .1*08 .200 .119II 1.1*6 .09b .1*32 .188 .121*
III 1.58 .106 .021* .176 .110
200-200-200 I 1.55 .110 .1*08 .200 .100
II 1.56 .123 .1+88 .212 .138
III 1.53 .113 .1*1*0 .176 .110
111+
Table 17*--Nutrient content of needles collected from the
Washington Parish plantation.
Fertilizer Rep. N P K Ca Mg
Treatment No. (Percent of oven-dry weight)
1959 (Before fertilization)
0 1 0 1 o I 1.67 .110 .50k .225 .194TT 1.64 .120 .486 .225 .142ITT 1.80 .071+ .488 .110 .106
0- 0-100 I 1.69 .120 .480 .275 • I08IT 1.03 .060 .488 .225 .110III l.o9 .120 .504 .130 .124
0- 0-200 I 1.72 .123 .488 .225 .168II 1.70 .07b . 530 .325 .129III 1.77 .080 .520 .140 .124
0-100- 0 I 1.93 .123 .488 .275 .155IT 1.61 .IliO .528 .225 .116III 1.70 .088 .480 .110 .110
0-100-100 I 1.72 .104 .404 .225 .155
II 1.62 .110 .544 .250 .129III 1.72 .088 .504 .110 .096
0-100-200 T 1.77 .102 .480 .275 .168IT 1.03 .110 .472 .275 .libIII 1.70 .126 .504 .100 .096
0-200- 0 I 1.71 .110 .496 .275 .129IT 1.61+ .11+5 .512 .250 .129IIT 1.65 .092 .512 .110 • 38b
0-200-100 I 1.78 .136 .432 .225 .155IT 1.57 .110 •4o4 .225 .110ITT 1.69 ,080 .480 .100 .055
0-200-200 I 1.70 . 0 9 0 •4o4 .229 .110II 1.68 .110 .480 .250 .142
III 1.60 .106 .496 .120 .124
100- 0- 0 I 1.73 .120 .480 .250 .129II l.o5 .lib .472 .250 .142
III 1.814 .082 .504 .110 .096













100- 0-200 I 1.68 .092 .552 .225 .142II 1.62 .092 .544 .250 .142IIT 1.76 .130 .504 .100 .193
100-100- 0 Tj. 1.62 .104 • 464 .175 .155IT 1.72 .110 .57b .250 .116ITT 1.71 .106 .496 .130 .096
100-100-100 I 1.77 .120 .456 .250 .129n 1.73 .096 .528 .275 .155ITT 1.66 .104 .512 .110 .069
100-100-200 I 1.66 .130 .464 .250 .129II 1.76 .145 .486 .250 .142II] 1.73 .092 • 464 .120 .3 79
100-200- 0 I 1.66 .140 .504 .225 .116II 1.68 .126 .472 .250 .142ITT 1.76 .116 .496 .110 .110
100-200-100 I 1.61 .120 .504 .250 .155IT 1.77 .130 .520 .250 .142ITT 1.67 .092 .480 .090 .063
100-200-200 T i.eu .100 .528 .225 .129IT 1.63 .120 .528 .275 .142III 1.82 .092 .472 .070 .083
200- 0- 0 I 1.79 .116 .472 .275 .129
T T 1.71 .130 .528 .225 .129ITT 1.60 .090 • 536 .110 .09b
200- 0-100 I 1.76 .086 .520 .200 .129I] 1.69 .102 .536 .300 .155T  T  T 1.69 .084 .480 .120 .069
200- 0-200 T 1.68 .074 .552 .275 .142i: 1.84 .090 • 5 b  8 .300 .116in 1.84 .120 .464 .100 .096
200-100- 0 i 1.85 .086 .496 .250 .103
ii 1.70 .086 .486 .275 .129
h i 1.70 .030 .480 .120 .124













200-100-200 I 1.88 .096 .539 .275 .116II 1.68 .092 .512 .275 .116III 1.72 .136 .512 .100 .138
200-200- 0 I 1.71 .110 .i+6k.528 .225 .155II 1.72 .100 .225 .129III 1.72 .088 .1+68 .110 .152
200-200-100 I 1.83 .110 .1+72 .300 .155II 1.63 .096 .1+96 .275 .116III 1.78 .080 .528 .100 .152







0 1 o < o I 1.90 .3 00 .1+1+0 .188 .128TI 1.59 .102 .1*1+8 .235 .157IIT 1.61 .096 .1+1+0 .188 .128
0- 0-100 T 1.1+7 .106 .1+00 .179 .121II 1.62 .123 .1+88 .212 .11+3III 1.60 .116 .501+ .212 .111+
0 1 0 1 o o I 1.1+5 .01+8 .L+l+o .235 .136II 1.52 .101+ .1+96 .212 .111+III 1.61 .110 .501+ .1+1+1+ .11+3
0-100- 0 I 1.39 .082 .392 .188 .11+3II 1.53 .113 •i+4°.1*08
.223 .11+3TIT 1.65 .110 .212 .128
0-100-100 I 1.1+7 .106 .1+32 .212 .128II 1.63 .120 .539 .223 .128III 1.59 .120 .501+ .200 .128
0-100-200 I 1.1+5 .092 .1+32 .212 .136II 1.51 .116 .512 .212 .11+3III 1.62 .116 .1+96 .188 .111+














0-200-100 I 1.58 .116 .1+88 .212 .11+3IT 1.52 .110 .1+96 .235 .128IIT l.5t> .116 .1+96 .235 .128
0-200-200 I 1.66 .116 .1+96 .212 .128
II 1.5b .116 .528 .235 .11+3
III 1.59 .113 .1+88 .200 .111+
100- 0- 0 I 1.57 .088 .352 .235 .157II 1.61 .106 .1+61+ .251+ .157
III 1.71 .092 .1+80 .200 .111+
100- 0-100 I 1.1+7 .072 .1+16 .235 .128TI 1.61+ .102 .1+96 .21+7 .11+3ITT 1.73 .100 .501+ .200 .100
100- 0-200 I 1.51+ .082 • 1+16 .212 .128
IT l.bb .101+ .1+80 .212 .128
III 1.70 .090 .1+88 .188 .111+
100-100- 0 I 1.1+9 .076 .1+00 .223 .11+3II 1.52 .120 .512 .200 .128
III 1.58 .116 .1+72 .193 .128
100-100-100 I 1.143 .088 .1+56 .176 .128II 1.51+ .120 .51+1+ .223 .111+
ITT 1.65 .123 .520 .186 .111+
100-100-200 I 1.1*2 .102 .1+61+ .200 .111+II 1.58 .11+0 .600 .259 .11+3III 1.67 .120 • 536 .165 .111+
100-200- 0 I 1.1+7 .090 .1+1+0 .188 . 11+3IT 1.60 .123 .1+56 .212 .157
IIT 1.68 .120 .1+21+ .235 .11+3
100-200-100 I 1.1+3 .101+ .1+08 .165 .136II 1.62 .lie .1+88 .198 .128
III 1.67 .120 .528 .176 .128
100-200-200 I 1.1+0 .100 .1+32 .176 .136
II 1.55 .120 .51+1+ .212 .11+3IIT 1.60 .116 .536 .179 .128
200- 0- 0 I 1.79 .090 .1+08 .223 .11+3IT 1.8 5 .08b .1+08 .21+7 .136ITT 1.77 .08b .1+56 .200 .128
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POO- 0-100 I 1.57 .081+ .440 .219 .111+IT 1.65 .080 .1+88 .212 .128III 1.70 .102 .1+96 .212 .111+
200- 0-200 I 1.55 .081+ .l+k8 .176 .128II 1.69 .092 .1+88 .212 .IlkITT 1.73 .086 .1+80 .200 .126
200-100- 0 I 1.39 .100 .1+00 .188 .157II 1.53 .10b .1+3? .200 .136III 1.60 .102 .1+56 .165 .111+
200-100-100 T 1.1+2 .080 .1+00 .188 .136
IT 1.55 .110 .1+86 .186 .128III 1.65 .120 .528 .165 .111+
200-100-200 I 1.1+2 .102 .448 .165 .136IT 1.59 .116 .1+88 .176 .111+IIT 1.59 .110 .501+ .165 .111+
200-200- 0 I 1.39 .101+ .1+00 .176 .128
1 1 1.62 .110 .1+3? .188 .111+III 1.75 .155 .581+ .235 .157
200-200-100 I 1.37 .102 .1+32 .168 .128IT 1.53 .110 .1+96 .165 .100IIJ 1.67 .133 .501+ .165 .128
200-200-200 I 1.1+8 .116 .1+1+8 .186 .IlkII 1.54 .113 .1+56 .165 .128III 1.68 .133 .51+1+ .165 .100
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uniform throughout the plantation both before and after 
fertilization. The percentages of nutrients apparently were 
not greatly Influenced by fertilizer applications, although 
the nitrogen, phosphorus, and potassium tended to be some­
what higher In trees which received applications of those 
elements.
From the foregoing discussion It should be apparent 
that the total weight of needles produced by the trees 
should be obtained In order to calculate the total amounts 
of nutrients absorbed by the trees. Differences in nutrient 
contents Influenced by fertilizer treatments might be 
revealed which are not evident from the percentage composi­
tion of the collected needles.
Very little work has been published on the nutrient 
content of current needles of loblolly pine which can be 
compared with the results obtained In this study. In lj.-,
5-, and 8-year-old plantations, Zahner (87) found that all 
fertilized trees contained significantly more nitrogen In 
their foliage than any of the control trees at the end of 
the first growing season. Trees fertilized with 300 pounds 
of N per acre contained more foliar nitrogen than trees 
fertilized with only 100 pounds. After three growing 
seasons, the difference between the high-nltrogen treatment 
and the control had disappeared. In the first year, foliar 
phosphorus and potassium were significantly higher In trees 
heavily fertilized with NPK than In trees receiving lighter 
applications or In control trees. Current needles one year
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after fertilization contained from 1*31 to 1.47 percent 
nitrogen as compared with 1*12 percent In unfertilized 
treea* Heavily fertilized treea contained 0*105 percent 
phoaphorua and 0*566 percent potassium, compared with 0*091 
percent and O.lj.75 percent, reapectively, In control treea. 
According to Fowella and lQrausa (2ij.), foliar concentrations 
of 0*1^ to 0.1b percent phosphorus and 1*7 to 2*3 percent 
nltroeen Indicated satisfactory nutrition of loblolly pine 
In greenhouse studies*
The state of maturity greatly affects the nutrient 
content of needles* Freshly fallen needles of loblolly pine 
have been shown to contain from 0*31 to 0*891 percent N,
0*^0 to 0*i|3 percent Ca, and 0*15 percent Mg (16, ij.1). The 
mature needles are much lower In nitrogen than physiologi­
cally active current needles*
Although no clear relationship was found to exist 
between nutrient uptake and applied fertilizers from the 
results cf the foliar analyses. It was felt that the 
nutrient compositions will need to be considered In future 
studies. Close control of the date of sampling, crown 
position of the sample, and the total amount of growth 
obviously will have to be considered*
SUMMARY AND CONCLUSIONS
In view of the widespread Interest in the use of ferti­
lizers in Southern forestry, a study was started in 1959 to 
supply besic research data on the response of forest trees 
to the application of commercial fertilizers. The objective 
of the study was to discover the level of fertilization 
needed to supoly the proper nutrition to young loblolly pine 
plantations for maximum ~rowth.
Loblolly pine plantations were established at three 
different locations in Louisiana in order to test the 
effects of the fertilizers under varied climatic and soil 
conditions. One plantation was established on Shubuta sandy 
loam to loamy send at Homer In the northern part of the 
state. Another was established on a complex of 3owie fine 
sandy loam, Ruston loam, end Beauregard loam near Alexandria 
in central Louisians. The third plantation was located in 
the southeastern part of ‘‘he state on Ruston sandy loam to 
loamy send In Washington Parish.
Each plantation Included 27 fertilizer treatments rep­
licated three times in randomized blocks. The plots were
0.1-acre In size and contained 121 trees each. Urea, super­
phosphate, and muriate of potash were applied by hand in 
circular bands or in holes around the individual trees at 
rates equivalent to 0 , 1 0 0 , and 2 0 0 pounds per acre of N, 
P2 O3 , and K2 O.
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Height measurements of the surviving trees In each plot 
were recorded prior to the application of fertilizers and at 
the end of the 1959 and I960 growing seasons. In addition, 
soil samples from the A and 3 horizons in each plot were 
collected before fertilization and at the end of each grow­
ing season. Samples of needles produced during the year 
were collected in the early winter In 1959 and I960, The 
soil samples were analyzed for total exchange capacity, base 
saturation, pH, organic matter, and exchangeable bases.
Foliar samples were analyzed for total nitrogen, phosphorus, 
potassium, calcium, and magnesium,
A statistical analysis of the 1959, I960, and total 
biennial growth was made by the analysis of variance method 
to test tne effects of the fertilizer treatments.
The following conclusions may be drawn from the results 
of this study:
1, The fertility level of the soils involved in this 
study was below the level normally required for crop pro- 
duc tion,
2* Some of the applied phosphorus and potassium 
remained in the soil through the second year. The amount of 
available P and K was Increased by the addition of fertili­
zers, The rates of Increase were In proportion to the 
amounts applied. After the first year the available P and K 
remaining In the soil decreased,
3, The effects of the applied fertilizers on increas­
ing growth were greater for the second year after application
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than for the first year,
I4.. The complete eradication of weeds In the Homer 
plantation probably accounted for the average growth being 
50 percent greater there than In the Alexandria plantation 
where weed growth was not controlled,
5, The effects of the applied nitrogen and phosphorus 
fertilizers varied between the three locations. In the 
Homer plantation* growth in 1959 and total growth were sig­
nificantly retarded by nitrogen. Phosphorus significantly 
Increased growth both years. In the Alexandria plantation* 
the beat growth was made by trees receiving both urea and 
superphosphate. The phosphate alone Increased growth over 
unfertilized trees* but nitrogen without phosphate produced 
less tree growth than the unfertilized trees. The I960 
growth In the Washington Parish plantation was significantly 
greater In plots to which urea N had been applied. The 
superphosphate did not Increase growth above that of un­
fertilized trees,
6, The optimum rates of application were 100 pounds 
per acre of P2O5 *t Homer, 100 pounds per acre eaoh of N and 
P2O5 at Alexandria* and 100 pounds of N alone In Washington 
Pariah,
7, Muriate of potash had no significant effeot on 
growth at any of the three locations,
8, The survival rate was slgnlfioantly reduced by the 
application of urea at every location.
9, Results of the foliar analyses were less conclusive
then expected. The percentage concentration of nutrient 
elements in needles remained fairly constant, with one 
exception. The 1959 foliage collected from plots fertilized 
with nltro ;en at Alexandria contained over two percent 
nitrogen. The foliage of trees to which no nitrogen was 
added contained less than 1.5 percent nitrogen.
10. Additional experiments with nitrogenous and phos- 
phatic fertilizers applied at varying rates below 100 pounds 
per acre of N and P2^5 ar® needed.
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APPENDIX A
SOIL PROFILE DESCRIPTIONS1
L o c a tio n  I N orth  L o u is ia n a  H i l l  Farm E xp erim en t S t a t io n ,  
Homer, L o u is ia n a
Shutouta loam y f i n e  sand
Ao 0 -  5" Brown (10YR 5 /3 )  loam y f i n e  sand  (7 6#  sa n d ,
1 9 #  s i l t ,  5% c la y * )  t o  f i n e  sandy loam ; 
l o o s e  and v e r y  f r i a b l e ;  m oderate medium and 
e o a r s e  g r a n u la r  s t r u c t u r e ;  e o n ta in s  many 
medium and f i n e  r o o t s  o f  toroomsedge and 
c a r p e t g r a s s ,
Ap 5 -10"  Brown to  y e l lo w is h  brown (10YR 5/3-5 A)
f i n e  sandy loam  (7 1 #  sa n d , 21% s i l t ,  8#  
c l a y ) ; lo o s e  and v er y  f r ia t o le  tout s l i g h t l y  
f ir m  in  p la c e ;  weak c o a r s e  p la t y  s t r u c t u r e  
w h loh  b rea k s down I n to  m o d erste  c o a r s e  s u b -  
a n g u la r  b lo c k y  s t r u c t u r e ;  c o n t a in s  many 
f i n e  r o o ts *
10-13"  P in k  (7.5YR 7 A )  f i n e  sandy loam  (7 3 #  sa n d , 
22% s i l t ,  5 #  c l a y ) ;  s l i g h t l y  f ir m  m o is t  tout 
l o o s e  and f r ia t o le  when broken down; m a ss iv e  
t o  weak c o a r s e  su b a n g u la r  b lo c k y  s t r u c t u r e ;  
o o n ta in s  a few  f i n e  r o o t s ,
b21  13-26"  R ed d ish  brown (5YR k/k) (*4-0# sa n d , 9%
s i l t ,  51#  c l a y ) ;  f ir m  when m o is t ;  s tr o n g  
f i n e  and medium su b a n g u la r  b lo c k y  s t r u c t u r e ,  
w ith  t h in  p a tch y  r e d d is h  brown c l a y  f i lm s  
oommon; o o n ta in s  many f i n e  r o o t s .
Boo 26-3*4-" Y e l lo w is h  red  (5YR *1- /8 ) ,  m o tt le d  w ith
y e l lo w is h  brown ( 10YR 5 /8 )  and v e r y  p a le  
brown (10YR 7A )  * san dy d a y  A 9 #  sa n d , 13#  
s i l t ,  38#  c l a y ) ;  f r i a b l e ;  s t r o n g  medium
^  t y p i c a l  p r o f i l e  o f  ea ch  o f  th e  s o i l  s e r i e s  In c lu d e d  
In  th e  e x p e r im e n ta l a r e a s  was d e s o r lb e d  by 8 ,  A, L y t l e ,  S o i l  
S c i e n t i s t ,  L ,8 ,C , D epartm ent o f  Agronomy,
2M eoh an ica l a n a ly s e s  made by m o d if ie d  hydrom eter m ethod  
o f  P a tr lo k  (*4-7).
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su b a n g u la r  b lo c k y  s t r u c t u r e ,  w ith  common 
th in  p a tc h y  y e l lo w is h  red  c l a y  f i lm s ;  c o n ­
t a i n s  t h in  l e n s e s  o f  b row n ish  y e l lo w  (3 0YR 
b /b )  and red  (10R U /b ) sandy c l a y  loam ;  
c o n t a in s  a few  f i n e  r o o t s .
C (10R l±/b) h eavy san dy  c la y  s t r a t i f i e d
w ith  t h in  l e n s e s  o f  l i g h t  g r s y  ( 10YR 7 /2 )  
c l a y  and b row n ish  y e l lo w  (10YR b /b )  sandy  
c l a y  loam  and sandy loam ; o o n ta in s  a few  
s m a ll  to  la r g e  ir o n s to n e  g r a v e ls  and r o c k s .
Shubuta sandy loam
Ap 0 -  5" Brown (10YR 5 /3 )  sandy loam  (bb% sa n d , 27%
s i l t ,  7% c l a y ) ;  lo o s e  and v e r y  f r i a b l e ;  
weak c o a r s e  p la t y  and m oderate medium and 
c o a r s e  g ra n u la r  s t r u c t u r e ;  c o n ta in s  a few  
f i n e  r o o t s .
Ao 5 -  8" V ery p a le  brown ( 10YR 7 /3 - 7 /U )  f i n e  sandy
loam  (b 5% sa n d , 27% s i l t ,  6% c l a y ) ;  lo o a e  
and f r i a b l e ;  s t r u c t u r e l e s s  t o  weak c o a r se  
g r a n u la r  s t r u c t u r e ;  c o n t a in s  a few  f i n e  
r o o t s .
A 8-11*" V ery p a le  brown ( 10YR 7/3) f i n e  sandy loam
( 63% sa n d , 29% s i l t ,  8% c l a y ) ;  lo o s e  and 
v e r y  f r i a b l e  m o is t ;  s t r u c t u r e l e s s  w hich  
b rea k s down I n to  weak medium and f i n e  
g r a n u le s ;  c o n ta in s  many f i n e  r o o t s .
®21 ll*-21" S tr o n g  brown (7.5Y R  5 /b )  c l a y  loam  (1*2%
sa n d , 26% s i l t ,  32% c l a y ) ;  s l i g h t l y  f ir m  
m o is t ;  s tr o n g  medium su b a n g u la r  b lo c k y  
s t r u c t u r e  w ith  th in  p a tc h y  c la y  f i lm s  on 
s t r u c t u r e  p a r t i c l e s ;  c o n t a in s  a few  f i n e  
r o o t s .
B22 ‘ 21-29"  Y e llo w is h  brown ( 10YR 5 /6 )  c l s y  loam  (39%
sa n d , 27% s i l t ,  3U% c l a y ) ,  m o tt le d  5% w ith
r e d  (2.5Y R  l i / b ) ;  s l i g h t l y  f ir m  m o is t ;  mod­
e r a t e  medium su b a n g u la r  b lo c k y  s t r u c t u r e  
w ith  a few  t h in  p a tc h y  c la y  f i l m s ;  o o n ta in s  
a few  f i n e  r o o t s  and a few  sm a ll I r o n s to n e  
ro c k  fr a g m e n ts .
B-j 29 -38"  Y e llo w is h  brown (10YH 5 /b )  c la y  loam  (1*1%
sa n d , 31% s i l t ,  28% c l a y ) , m o tt le d  3% w ith
l i g h t  gray  (10YR 7 /2 )  and c o n ta in s  3% red  
(2.5YR l*/b) s o f t  c o n c r e t io n s ;  o c c a s io n a l  
t h in  p a tc h y  c la y  f i l m s ;  f r i a b l e ;  weak to







m oderate medium su b a n g u la r  b lo c k y  s t r u c tu r e *
36 - 42”+ R* d (2*5YR 4 /b )  san dy c l a y  s t r a t i f i e d  w itb  
th in  ( 1 / 8  t o  1 In ch ) l e n s e s  o f  l i g h t  g ra y  
c la y  and b row n ish  y e l lo w  san d y  c l a y  loam ; 
f r i a b l e ;  s t r u c t u r e l e s s ;  o o n ta in s  a few  
s m a ll  and la r g e  I r o n s to n e  r o c k  fra g m en ts  
and ro ck s*
Johnson *fract* K ls a tc h le  n a t io n a l  F o r e s t*  15 
m ile s  so u th w e st  o f  A lex a n d r ia *  L o u is ia n a
f i n e  san d y  loam
0- 5” P a le  brown (10YR t>/3) f l o e  sandy loam  (54% 
sand* 41% s i l t *  5% c la y )  w ith  a t a ln s  o f  
g r a y is h  brown o r g a n ic  m a tte r ;  f r i a b l e ;  weak 
medium g ra n u la r  s t r u c t u r e ;  g ra y  (10YH 5 /1 )  
and g r a y is h  brown (10YR 5 /2 )  m a te r ia ls  In  
r o o t  c h a n n e ls  and as worm o a s t s ;  o o n ta in s  
many c o a r s e  and f i n e  r o o ts *
5- 8" V ery p a le  brown (10YR 7/4) f i n e  san dy  loam  
(50% sand* 44% s i l t *  6% c l a y )f s l i g h t l y  
f ir m  m o is t ;  s t r u c t u r e l e s s  t o  weak o o a r se  
p la t y  s t r u c t u r e ;  o o n ta in s  many f i n e  r o o t s  
and many worm c a s ta  and r o o t  o h a n n e ls  
f i l l e d  w ith  g r a y is h  brown m a t e r ia l ;  co n ­
t a i n s  a few  s o f t  and hard brown o o n c r e t lo n s *
8-18" B row nish  y e l lo w  (10YR b/b-b/8) d a y  loam  (35% sand* 34% s i l t *  31% c l a y ) ;  f r i a b l e ;  
m oderate medium and f i n e  su b a n g u la r  b lo ck y  
s t r u c t u r e  w ith  a few  t h in  p a tc h y  b row n ish  
y e l lo w  c l a y  f i lm s ;  o o n ta in s  a few  f i n e  
r o o t s  and 3% s o f t  and hard brown and b la c k  
o o n o r e t lo n s*
18-27" B row nish  y e l lo w  (10YR b/b) loam  t o  c l a y  
loam  (39% sand* 34% s i l t *  27% d a y ) ;  
f r i a b l e ;  weak t o  m oderate medium su b a n g u la r  
b lo o k y  s t r u c t u r e ;  o c c a s io n a l  t h in  c la y  
f i lm s ;  o o n ta in s  a few  f i n e  r o o t s ;  o o n ta in s  5% s t r o n g  brown (7*571* 5/8) s o f t  c o n c r e ­
t io n s  and 3% rounded  hard and s o f t  brown 
and b la c k  c o n c r e t io n s *  T h is  la y e r  I s  more 
f r i a b l e  than  th e  la y e r  a t  8-18 In ch es*
27 -3 2 "  U n ifo rm ly  m o tt le d  y e l lo w is h  brown (10YR 5/b) and b row n ish  y e l lo w  (10YR b/b) loam  
(38% sand* 38% s i l t *  24% c l a y ) ;  f r i a b l e ;  
weak t o  m oderate medium su b a n g u la r  b lo c k y
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and weak medium p la t y  s t r u c t u r e ;  c o n ta in *
3% hard brown o o n o r a t lo n s  and 2% y e l lo w is h  
r e d  ( 5YR 5 /8 )  a o f t  o o n o r e t lo n a ;  haa a few  
t h in  p a te b y  c l a y  f l lm a  on aome pad s u r fa c e s *
C 32-42" +  Brow nlah y e l lo w  (10YR b /8 ) aandy loam ,
m o tt le d  10% w ith  T ery p a le  brown (10YR 
7/3)i f r i a b l e j  a t r u o t u r e le e a ;  o o n ta ln a  a 
few  t h in  le n a e a  o f  aandy c l a y  loam ; oon­
t a ln a  5% y e l lo w la h  r e d  ( 5YR 4/8) a o f t  o o n -  
c r e t lo n a  and a few  rounded hard brown 
o o n o r e t lo n a *
R u ston  loam
An  3" Dark brown (10YR 4 / 3 )  m o is t ,  l i g h t  brow nlah
g ra y  (10YR b /2 )  d r y , loam  (4l%  sa n d , 49% 
a l l t ,  10% o la y ) ;  f r i a b l e ;  m oderate to  
a tr o n g  medium g ra n u la r  s t r u c t u r e ;  c o n ta in s  
many f i n e  and c o a r s e  r o o ts *
a 12 3 -  6" Dark brown (10YR 3 /3 )  loam ; f r i a b l e ;  m oder­
a te  to  a tr o n g  medium g ra n u la r  a t r u c tu r e ;  
o o n ta ln a  many a m a ll p le o e a  o f  c h a r c o a l and 
many f i n e  r o o ts *
B} 6 - 1 0 ” Dark y e l lo w is h  brown (10YR 4/4) loam  (37%
sa n d , 43% a l l t ,  20% c l a y ) ;  aomewhat f ir m  
m o la t;  a t r u o t u r e le a s  w hich  b rea k s down I n to  
f r i a b l e  weak su b a n g u la r  b lo c k s ;  25% worm 
c a s ta  f i l l e d  w it h  dark  g r a y is h  brown (10YR 
4 / 2 ) f i n e  sandy loam ; o o n ta in s  many f i n e  
r o o ts *
B21 1 0 -1 6 ” Y e l lo w is h  re d  (5YR 4 / 8 )  loam  to  c l a y  loam
( 33% sa n d , 40% a l l t ,  27% o l a y ) ;  f r i a b l e  
m o la t;  m oderate medium su b a n g u la r  b lo c k y  
s t r u o tu r e  w ith  a few  t h in  p a to h y  c l a y  
f l lm a ;  o o n ta ln a  many f i n e  r o o t s  and 1% hard 
brown c o n c r e t io n s *
B22 16-30"  Y e l lo w is h  red  (5YR 14-/8 ) o la y  loam  (32%
sa n d , 39% a l l t ,  29% o l a y ) ;  f r i a b l e ;  moder­
a t e  medium au b an gu lar  b lo o k y  s t r u o tu r e  w ith  
common t h in  y e l lo w is h  re d  o la y  f l lm a ;  oon­
t a ln a  2% hard and s o f t  brown and b la c k  oon ­
o r e t lo n a *
C 30 -42" +  Y e l lo w is h  r e d  (5YR 4 /8 )  aandy loam ;
f r i a b l e ;  s t r u c t u r e l e s s ;  o o n ta in s  1% a o f t  
brown and b la c k  o o n o r e t lo n a *
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B eauregard  loam
Ai 0 -  If." Dark g ra y ish , brown (10YR if./2) m o is t ,  l i g h t
b row n ish  g ra y  ( 10YR b /2 ) d r y , loam  (lf.2% 
sa n d , lf.9% s i l t ,  9% o l a y ) ;  f r i a b l e ;  s t r o n g  
f l n a  and msdlum g r a n u la r  s t r u o t u r e ;  oon ­
ta ln a  many o o a r sa  and f l n a  r o o t s  and 3% 
s o f t  and hard s m a ll  brown and b la o k  
o o n o r e t lo n a *
Ap If.- 7" L ig h t  y e l lo w is h  brown (10YR b/lf.) loam ,
m o tt le d  20% w ith  g r a y is h  brown (10YR 5 /2 )  
and dark  brown w h loh  a re  f i l l i n g s  o f  worm 
c a s t s ;  s l i g h t l y  f ir m  b u t f r i a b l e ;  s t r u c ­
t u r e l e s s  b u t b r e a k s  down I n to  weak c o a r s e  
g r a n u le s ;  o o n ta in s  many f i n e  r o o ts *
Eh 7-10"  L ig h t  y e l lo w is h  brown (10YR b/lf.) loam  (38%
sa n d , lf.b% s i l t ,  l b % o l a y ) ,  m o tt le d  5% w ith  
y e l lo w is h  brown ( 10YR 5 / b ) ;  f r i a b l e ;  weak 
medium and c o a r s e  su b a n g u la r  b lo o k y  s t r u o ­
tu r e ;  oosmion f i n e  p la n t  r o o t s  and a few  
v e in s  o f  p a le  brown (10YR b /3 )  v e r y  f i n e  
sandy loam ; o o n ta in s  3% s o f t  and hard brown 
and b la o k  c o n c r e t io n s *
Bp 10-18"  P a le  brown ( 10YR b /3 )  loam  (32% sa n d , Ifif#
s l i t ,  21f.% c l a y ) ,  m o tt le d  10% w ith  l i g h t  
y e l lo w is h  brown ( 10YR b/lf.) and y e l lo w is h  
brown (10YR 5 / 8 ) ;  f r i a b l e ;  m oderate medium  
su b a n g u la r  b lo o k y  s t r u c t u r e ;  o o n ta in s  many 
f i n e  r o o t s  and r o o t  c h a n n e ls  f i l l e d  w ith  
l i g h t  b row n ish  g ra y  (10YR b /2 )  and p a le  
brown ( 10YR b /3 )  v e r y  f i n e  sandy loam*
Br» 18-26"  Y e llo w is h  brown (10YR 5/If.) loam  (33% sa n d ,
J lf.7% s i l t ,  20% o l a y ) ,  m o tt le d  20% w ith  l i g h t
b ro w n ish  gray  ( 10YR b / 2 ) ;  f r l a h l e ;  weak 
medium su b a n g u la r  b lo o k y  s t r u c t u r e ;  co n ­
t a in s  many v e r t i c a l  v e in s  o f  l i g h t  b row n ish  
g r a y  v e r y  f i n e  s andy loam , m o tt le d  5% w ith  
s t r o n g  brown (7*5YR 5 / 8 )  and y e l lo w is h  re d  
(5YR lf-/b) w h ich  ap p ears t o  b e weak  
c o n c r e t io n s *
C 28-lf2"+ M o ttle d  l i g h t  y e l lo w is h  brown (10YR b/lf.)
and l i g h t  g ra y  (10YR 7 /2 )  v e r y  f i n e  san d y  
loam ; s t r u c t u r e l e s s ;  f r i a b l e ;  o o n ta in s  5% 
brown and b la o k  s o f t  and hard o o n o r e t lo n a  
and y e l lo w is h  brown (10YR 5 /8 )  s o f t  
c o n c r e t io n s *
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L o c a t io n s  Lae M em orial F o r e s t ,  W ash ington  P a r ia h , L o u is ia n a  





Dark g r a y is h  brown (10YR I4. /2 ) m o la t , brown 
(10YR 5 / 3 )  d r y , san d y  loam  (bb% aan d , 28% 
s i l t ,  6% o l a y ) ;  f r i a b l e ;  m oderate medium  
and c o a r s e  g r a n u la r  s t r u o t u r e ;  o o n ta ln a  
many f i n e  and o o a ra e  r o o t s .
Dark brown (7»5YR m o is t  loam  (l|.b%
sa n d , I4.1% s i l t ,  13% c l a y ) ;  f ir m ;  m a s s iv e ;  
o o n ta in s  a few  f i n e  r o o t s .
Y e l lo w is h  re d  (5YR 14- /8 ) loam  (lp.% sa n d , 35% 
s i l t ,  21̂ % o l a y ) ;  f r i a b l e ;  weak t o  m oderate  
medium su b a n g u la r  b lo o k y  s t r u c t u r e ;  oon­
t a ln a  many f i n e  r o o t s  and a few  t h in  p a tc h y  
c la y  f i l m s .
Y e llo w is h  re d  (5YR I4. /8 ) san dy  loam  t o  san d y  
c l a y  loam  (bl% sa n d , 20% s i l t ,  19% c l a y ) ;  
f r i a b l e ;  m oderate f i n e  and medium su b ­
a n g u la r  b lo o k y  s t r u o tu r e ;  numerous f in e  
r o o t s ;  c o n ta in s  many t h in  p a tc h y  o la y  f i l m s .
34-*4V,+ R ed d ish  brown (5YR 14-/U) sandy loam ; f r i ­
a b le ;  l o o s e .
V a r ia t io n s :
1 ,  A s m a ll a re a  o f  R uston  sandy c la y  loam , ero d ed  
p h a s e , o c c u r s  on th e  so u th w e ste r n  edge o f  th e  area  
on s lo p e s  o f  8 t o  12%,
2 ,  S m a ll a r e a s  o f  s lo p e s  above 8% In th e  w e s te r n  and 
n o r th w e s te r n  p a r t  o f  th e  a rea  have a loam y sand  
s u r fa c e  l a y e r ,
3 ,  S m a ll a re a s  In  th e  n o r th  c e n t r a l  p a r t  o f  t h e  a rea  
on a 2% s lo p e  have a s tr o n g  brown (7»5YR 5 /8 )  
s u b s o i l .
I4.. S m a ll a r e a s  In  th e  n o r th e a s te r n  p a r t  o f  th e  a rea  
have a h eavy sandy o la y  su b stra tu m  w ith  I r o n s to n e s  
a t  b elow  3b In ch e s  and ap p ro a ch es R uston  sandy  
loam , hard su b stra tu m  p h a se ,
5 ,  The B2 h o r iz o n  I s  u s u a l ly  u n d e r la in  a t  30 In ch es  or  
l e s s  by san d y  loam  or sa n d ,
b . The g r e a te r  p a r t  o f  th e  a rea  ra n g e s  from  2 to  5 
p e r c e n t  In  s lo p e ,
7 , No A3 la y e r  was o b ser v ed  b e ca u se  t h i s  a re a  i s  In  an 
o ld  c u l t i v a t e d  f i e l d ,
8 ,  In  a few  p la o e s ,  w here u n d e r la in  by sandy c l a y s ,  
th e  B2 h o r lso n  e x ten d e d  t o  d e p th s  o f  3b I n c h e s ,
9 ,  A few  s p o t s  c o n ta in e d  enough s i l t  t o  have a s i l t y  
o la y  loam  B h o r lso n  and re sem b led  L e x in g to n ,
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Homer Shubuta Ap 0- 5 .962 6.2 11loamy 5-10 .808 5.4 5fine aand bi 10-13 .349 5.3 3
b21 13-26 .766 4.9 3B22 26-34 .328 5.0 2
Homer Shu but a Ap 0- 5 .584 5.3 7sandy A? 5- 8 .300 3loam A3 8-14 .194 5.9 1
B21 14-21 .430 6 .2 3B22 21-29 .311 5.2 3
b3 29-38 .263 5.1 3
Alexandria Bowie A21 0- 5 1.771 5.8 3fine A22 5- 6 1.042 5.8 3sandy b21 8-18 .509 5.0 6loam b22 18-27 .218 5.1 5
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35 259 71 17 1.182 3.196 63.0
22 130 25 17 1.773 2.761 35.8
22 130 38 22 1.116 2.235 50.191 346 380 26 8.865 14.108 37.265 130 263 30 9.325 12.464 25.2
22 130 38 22 1.510 2.629 42.6
13 130 25 22 .657 1-644 60.013 130 25 22 .394 1.381 71.565 734 372 35 2.364 9.453 75.069 432 380 35 3.612 9.268 61.0
73 302 343 30 4.400 9.085 51.6
30 216 60 26 1.839 3.609 49.0
22 216 60 22 1.051 2.783 62.226 173 175 30 4.597 7.117 35.4
26 130 85 22 4.859 6.380 23.8






Soil MOM a*i s 735 *0S •aB ■oa 0 ep O^D 0 <ton 0 ct •t*eSeries 0 Depth O *0w « • • • • OH O' • M oiM e • 0dand Type (In.) —  e
Ruston
loam A11A12
0- 3 3- 6 2.277 5.8 3 56 389 120 22 2.1*95 5.680 56.1A t
Bl 6-10 • 715 5.7 3 56 302 138 26 1.707 l*.62l* 63.1Bgi 10-18 .339 5.3 3 39 216 181* 26 2.821* 5.65o 50.0




k- 7 2.058 5.2 6 22 216 112 1*8 3.283 5.561 1*1 .0
01 7-10 .1*97 5.2 3 13 130 90 30 3.218 l*.78l 32.7
02 10-16 5.0 1 22 130 108 30 5.713 7.1*l*9 23.3
®3 18-28 .389 5.2 1 26 130 108 35 1*.791* 6.563 27.0
Ruaton 0- 8 1.631 5.8 10 17 259 38 86 2.167 1*.197 1*8.1*sandy 01 8-12 .597 6.0 3 26 302 85 30 1.379 3.791* 63.7loam 021 12-18 .292 5.5 3 30 31*6 210 39 2.36k 6*091 61*2
022 18-31* .101 5.0 3 17 130 102 30 2.758 1*.1*32 37.8C 3il_l̂ .+ .101 5.3 6 22 130 97 30 2.1*95 1**139 39.7I
APPENDIX C
MEAN MONTHLY TEMPERATURES AND TOTAL MONTHLY PRECIPITATION#
Month
Homer Exp, Station^ Hineston^ Sheridan Fire Tower3
Temo.. ^ Preo. Temp.. «* Prec.1 In. Preo., in.1959 I960 1959 i960 1959 1960 1959" 19675 1959 1960
January 1*1*.3 1*1*. 1 1.56 3.76 1*5.2 1*6.2 i*.H* 6.1*0 6.00 1*.38February 50.9 1*2.5 1*.68 I*. 10 51.1* 1*5.5 6.06 5.56 7.12 6.26March 55.6 1*5.9 1*.59 3.03 51*.7 50.2 2.50 1*. 82 3.03 2.73April 63.1* 65.0 1+.30 2.67 63.2 65.9 6,71 1.59 5.91 3.31*May 71*. 6 68.7 6.05 3.51 7(*.3 70.5 6.1*7 2.70 11.59 3.1*4Jtone 77.1 76.8 7.37 5.60 7 ? 4 79.5 2,20 2.90 9.01* l.l8July 79.5 80,1 5.66 1.88 80.8 82.5 i*.26 5.17 10.96 6.80August 79.5 80.9 3.17 5.93 80.7 79.7 3.38 11.98 5.37 16.75September 75.1* 76.5 3.65 1.23 77.1 76.0 1.61* 1**26 3.29 1.9U
Ootober 65.3 67.3 1.87 1*.09 68,1* 68.9 3.85 6.37 8.71 1.78November 50.9 56.0 2.21* 1*.27 52.2 57.9 1.68 1.78 3.63 .91December 1*8.9 l*l*.l 5.12 10. li* 1*8.9 1*6.6 5.63 8.10 2.87 1*.85
Annual 63.8 62.3 50.26 50.21 6i*.6 6l*.2 1*8.52 61.63 77.52 51*. 36
"•Proat U. S . D ept. of Conmerce, C lim a to lo g ica l Data—L ouisiana (66, 67)* 
aAt 32°1*5'n la t i t u d e ,  93°Ot*'W lo n g itu d e .
2At 31°1X'N latitude, 92°lf.5,V longitude, approximately If.*5 mile* west, aoutbweet of 
Alexandria plantation,
3 At 30°5l'N latitude, 69°59fV longitude, approximately 0,5 mile aouth, southeast of 
Washington Parish plantation. No temperature records maintained at this station.
APPENDIX D
RESULTS OF CHEMICAL ANALYSES OF SOIL SAMPLES
„  „ „ i 3topi. Av.il.bij Nutri.ntPlot Ho.a H-PaOg-KgO P«?lod2 p ContPBtgtBP^)
(lbs./sore) g Ha pH
Homer Plantet io n
I- 1 A
'P
0101o 1 7 39 130 25 6.02 10 30 151 19 1*8 6.03 10 27 317 38 32 5.6
I- 2 A 0- 0-100 1 14- 50 173 1*9 5.92 7 95 173 1*3 £8 5.83 6 62 272 71 23 5.5
I- 3 A 0- 0-200 1 If IP- 191* 203 5.72 6 112 151 25 1*8 5.73 9 73 136 60 18 5.5
I- L A 0 - 1 0 0 -  0 1 6 39 151 60 35 5.92 260 22 216 32 1*3 6.13 81* 18 181 38 18 5.5
I- 5 A 0-100-100 1 5 36 108 1*9 35 5.92 192 65 191* 13 52 6.13 292 36 272 25 23 5.6
I- 6 A 0-100-200 1 14. 50 151 38 1*8 5.82 99 130 130 ... 56 6.1
3 99 f*l 181 38 23 5.6
H 1 -0 A 0-200- 0 1 6 M* 173 85 35 6.02 391 26 238 38 1*8 6.03 318 32 317 60 23 5.6
CO1H A 0-200-100 1 6 38 151 25 35 6.02 217 52 151 13 1*8 6.03 292 1*5 272 38 23 5.7
iRoman numeral « bloek; arable number ■ fertilizer treatment; A * A horizon (topeoil); B ■ B horizon (subsoil),
OPeriod 1 ■ before fertilization; period 2 * end of 1959 growing season; period 3 -> end of I960 growing season.
lkl
11*2
Fertilizer " . 7, „ . . ~~.  A v a ila b le  N u tr ie n t
i* 11 v*• n-p205-k2o
(lba./aore)
Period F '
u o a t o
' "T"
VI
"Te “ TTe pH
I- 9 A 0-200-200 1 6 1*1 151 25 35 6.12 285 91 281 38 1*8 6.13 1*06 51* 1*99 1*9 23 5.8
I-10 A 100- 0- 0 1 1* 1*1 151 38 112 6.12 9 30 130 . . . 52 5.1*3 9 23 136 25 18 5.2
I-11 A 100- 0-100 1 5 36 130 13 5.92 6 86 130 U8 5.03 8 51* 136 38 23 5.3
1-12 A 100- 0-200 1 6 38 151 13 30 6.12 6 131* 173 32 52 5.03 11* 82 13<> 38 27 5.1*
1-13 A 100-100- 0 1 1* 1*2 130 1*9 35 5.92 129 22 108 13 1*3 5.23 72 18 136 38 27 5.13iH A 100-100-100 1 3 39 130 13 39 6.12 21*8 73 173 25 1*8 5.93 69 1*1 181 71 27 5.7
1-15 A 100-100-200 1 5 1*2 130 1*9 35 5.92 161 101* 108 13 52 5.53 83 32 136 38 27 5.1*
1-16 A 100-200- 0 1 5 53 238 25 108 6.02 21*8 35 191* 1*3 5.73 318 27 317 85 23 5.6
1-17 A 100-200-100 1 6 35 130 38 35 6.12 180 73 151 25 1*8 5.03 172 50 317 1*9 27 5.1*
COH1H A 100-200-200 1 6 35 130 55 35 5.92 281* 82 216 13 1*8 5.73 103 1*1 136 38 23 5.1*
1-19 A 200- 0- 0 1 5 1*5 151 1*9 6.02 8 1*3 151 60 6e 1*.93 10 32 136 1*3 18 5.2







T 1 U U
T T “ K Ca * 8 TTa pH
1 5 3 8 1 3 0 3 8 6 . 1
2 5 1 3 0 - - - i s lfc.9
3 6 3 1 7 3 2 2 3 5 . 1
1 6 3 9 1 7 3 3 8 3 5 6 . 0
2 1 9 8 3 5 2 1 6 3 8 1 + 8 5 . 2
3 1 2 9 2 3 1 3 6 2 5 2 7 5 . 1 *
1 5 3 5 1 5 1 2 5 3 5 5 . 8
2 1 5 5 6 9 1 5 1 2 5 5 2 5 . 2
3 1 0 0 1 + 1 1 8 1 2 5 2 3 5 . 2
1 7 1 + 1 1 3 0 1 3 3 5 5 . 8
2 3 0 1 + H + 3 2 5 9 3 2 5 2 5 . 1
3 1 5 1 + 5 i 1 8 1 3 2 2 7 5 . 2
1 6 1 + 1 1 3 0 1 3 3 5 6 . 1
2 2 9 1 3 0 1 5 1 1 3 1 + 8 5 . 2
3 2 6 7 3 2 227 3 8 3 2 5 . 1 +
1 6 3 6 1 3 0 1 3 3 9 5 . 9
2 2 9 8 7 8 1 9 b 1 3 5 2 5 . 3
3 2 5 1 + 3 6 2 2 7 2 5 2 7 5 . 3
1 5 3 2 1 5 1 1 3 3 9 5 . 7
2 2 1 + 6 9 9 1 5 1 - - 1 + 8 5 . 1 +
3 1 6 9 1 + 1 1 3 6 2 5 2 7 5 . 1 4
1 5 1 7 3 3 8 1 + 3 5 . 9
2 6 3 5 1 5 1 2 5 1 + 8 5 . 7
3 7 3 6 1 8 1 6 0 2 7 5 . 6
1 1+ 3 3 1 5 1 7 1 3 5 5 . 1 +
2 k 7 3 1 3 0 5 5 5 2 5 . 1 +
3 6 7 3 1 3 6 6 0 2 3 5 . 1 +
1 5 3 9 1 3 0 b ! 3 9 5 . 6
2 7 1 3 0 1 3 0 13 5 2 5 . 2
3 7 6 3 1 3 6 *4-9 2 7 5 . 5
1 6 1+1+ 1 3 0 1 + 0 3 9 5 . 6
2 1 0 9 2 6 1 5 1 3 2 5 2 5 . 8
3 1 2 3 3 2 2 2 7 6 0 2 7 5 . 7
1 5 1 5 1 1+0 3 5 5 . 5
2 1 9 2 0 6 1 7 3 1 9 1 + 8 5 . 8
3 1 2 0 5 1 + 3 1 7 6 0 3 2 5 . 6
1*21 A 2 0 0 -  0 -2 0 0
1 -2 2  A 2 0 0 -1 0 0 -  0
1 -2 3  A 2 0 0 -1 0 0 -1 0 0
1 -2 4  A 2 0 0 -1 0 0 -2 0 0
1 -2 5  A 2 0 0 -2 0 0 -  0
1 -2 6  A 2 0 0 -2 0 0 -1 0 0
1 -2 7  A 2 0 0 -2 0 0 -2 0 0
I I -  1 A 0 - 0 - 0
I I -  2 A 0 -  0 -1 0 0
I I -  3 A 0 -  0 -2 0 0
I I -  1*. A 0 -1 0 0 -  0
I I -  5 A 0 -1 0 0 -1 0 0
ii*2t
f e r t i l i s e r
T rea tm en t, sam p le A v a ila b le  N u tr ie n tContent '----'
(lbs./ a c r e ) a » Ti,UU P ""TT"■■ ■5 a "’ Bg" “i n pH
II- 6 A 0-100-200 1 5 U5 191t 55 35 6*02 106 160 216 it9 52 M3 ait 82 181 lt9 27 5 .8
II- 7 A 0-200- 0 1 it ltl 151 it9 39 5 .72 132 35 238 60 52 6 .33 267 32 317 U9 27 5*8
II- 8 A 0-200-100 1 ll 19it 75 39 5.52 298 7? 216 32 £8 6.03 132 50 227 71 32 5.7
II- 9 A 0-200-200 1 6 39 151 25 it3 5.72 198 lb8 173 32 52 5.93 273 68 272 60 27 5.7
11-10 A 100- 0- 0 1 6 kl 86 *t9 39 5.62 8 30 108 25 it© it.83 13 32 136 it9 27 5 .2
11-11 A 100- 0-100 1 6 38 130 38 30 5.92 6 91 108 it© lt.93 9 Sit 13b it9 27 5.it
II-12 A 100- 0-200 1 6 36 130 19 30 5.82 8 130 108 13 lt8 it.83 8 51t 136 38 27 5.it
11-13 A 100-100- 0 1 6 2b 108 32 30 5.52 275 17 173 38 *t3 5.23 132 32 272 60 27 5.3
II-14 A 100-100-100 1 5 30 173 78 it3 5.72 121 95 32it 55 26 5.2
3 67 59 181 60 23 5.it
11-15 A 100-100-200 1 It 23 86 25 39 5.62 115 io it 130 7 26 5.03 96 59 227 38 27 5.3
II-lb A 100-200- 0 1 It 30 151 lt9 35 5.72 233 26 238 67 26 5.33 172 32 363 lt9 32 5.3
t-ri1HH A 100-200-100 1 5 39 130 29 30 5.7
3 337 50 Hoa £9 23 575
1U5
TV f t n i w Avallabia Nutrient
Plot No. N-P2O5-K2O
(lba./eore)
sunpxePeriod T Content (ddbu)""T" ■ " f f a f c g  " pH
11-18 A 100-200-200 1 k kl 173 85 39 5-k2 309 121 238 67 26 5.k3 11*9 68 272 13 27 5.5
11-19 A 200- 0- 0 1 k 30 108 38 30 5.72 60 26 130 25 26 4.73 6 32 136 25 18 5.2
IX-20-A 200- 0-100 1 5 36 151 60 39 5.52 71 101*. 173 1+3 26 k.63 6 73 136 38 23 5.2
11-21 A 200- 0-200 1 3 35 130 k9 35 5.k2 53 13k 151 38 26 4*6
3 6 82 1*.08 1*9 23 5.2
11-22 A 200-100- 0 1 k 42 173 52 35 5.62 126 26 216 25 22 5.33 51* 27 136 38 23 5.3
11-23 A 200-100-100 1 5 36 108 62 39 5.22 161 95 173 k3 22 1+. 9
3 89 kl 136 25 23 5.1
11-214. A 200-100-200 1 5 36 108 19 39 5.32 161 117 108 19 26 k.l3 113 Sk 136 38 27 5.1
11-25 A 200-200- 0 1 6 50 130 30 39 5.52 150 35 151 1*9 22 k«6
3 lk3 36 136 13 27 5.1
11-26 A 200-200-100 1 k 26 86 19 39 5.k2 233 69 1P 25 26 k-93 200 32 l8l 13 23 5.1
11-27 A 200-200-200 1 5 kl 173 80 39 5.82 368 130 238 13 26 5.23 286 50 317 13 27 5.5
III- 1 ’A 0 1 0 1 0 1 6 32 130 51 k3 5.32 62 30 19k 38 26 5.2
3 12 32 l*.0o 25 32 5.2
III- 2 A 0- 0-100 1 5 33 130 15 52 5.62 62 99 130 13 26 5.2
3 6 59 136 13 27 5.k
Ik6
PerFTTTter™Treatment,
P lo t  N o. N-P2O5 -K2O
____________ ( l b a . / a e r e )
Sam ple
Period
A v a ila b le  N u tr ie n t  
C o n ten t ( o n a .)
7  K  g t  l g  V i pH
I I I -  3 A 0 -  0 -2 0 0 1 k 33 86 50 35 5 .1
2 62 151 108 38 30 k .9
3 20 77 227 60 32 5 .k
I I I -  k A 0 - 1 0 0 -  0 1 9 20 605 13 35 6 .6
2 93 17 19k 25 26 6 .8
3 107 27 181 k9 32 5.2
I I I -  5 A 0 -1 0 0 -1 0 0 1 5 33 19k k9 35 5 .7
2 IkO 86 173 25 26 5 .9
3 138 50 181 60 27 5 .7
I I I -  6 A 0 -1 0 0 -2 0 0 1 6 23 216 25 k3 5 .9
2 144 99 32k 19 26 6 .3
3 7k 5k k53 60 32 6 .1
I I I -  7 A 0 - 2 0 0 -  0 1 6 30 238 13 30 5 .9
2 222 26 173 13 26 5 .8
3 197 27 227 60 32 5 .6
I I I -  8 A 0 -2 0 0 -1 0 0 1 5 39 130 38 35 5 .7
2 25k 10k 19k 32 26 5 .6
3 k06 63 ko8 71 32 5 .5
I I I -  9 A 0 -2 0 0 -2 0 0 1 k 30 108 19 30 5 .9
2 228 99 173 19 26 5 .9
3 200 50 k99 60 32 5 .7
1 1 1 -1 0 A 1 0 0 -  0 -  0 1 5 26 108 13 30 5 .9
2 73 17 130 19 22 k .9
3 6 32 136 38 32 5 .2
I I I - l l A 1 0 0 -  0 -1 0 0 1O 3 35 19k k9 35 5 .8&
3 7 '11 272 60 32 s:;
I I 1 -1 2 A 1 0 0 -  0 -2 0 0 1p k 30 108 38 30 5 .9
3 6 ~63 181 60 36 57a
1 1 1 -1 3 A 1 0 0 -1 0 0 -  0 1 8 26 108 25 35 5 .7
2 161 22 173 k9 26 5 .1
3 132 27 272 k9 32 5 .3
m - i k A 100 - 100-100 1 6 35 108 25 35 5 .8
2 602 73 86 k3 22 k .9
3 109 50 227 60 32 5 .2
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Fertilizer
p lo t  wo T rea tm en t, Sam plePlot No* H.p2o5.K2o Period
( I b e . / a c r e )
I I I -1 5  A 1 0 0 -1 0 0 -2 0 0  12
3
I I I - l b  A 1 0 0 -2 0 0 -  0 12
3
I I I -1 7  A 1 0 0 -2 0 0 -1 0 0  12
3
I I I - 1 8  A 1 0 0 -2 0 0 -2 0 0  1
2
3
I I I -1 9  A 2 0 0 -  0 - 0  12
3
I I I -2 0  A 2 0 0 -  0 -1 0 0  12
3
I I I -2 1  A 2 0 0 -  0 -2 0 0  12
3
1 1 1 -2 2  A 2 0 0 -1 0 0 -  0 1
2
3
I I I -2 3  A 2 0 0 -1 0 0 -1 0 0  12
3
I I I -2 4  A 2 0 0 -1 0 0 -2 0 0  1
2
3
I I I - 2 5  A 2 0 0 -2 0 0 -  0 12
3
I I I -2 b  A 2 0 0 -2 0 0 -1 0 0  12
3
Available Nutrient
4 30 108 32 35 5 .8
133 i 3 ° 130 25 2b 5 .0
136 5o 272 4 9 32 5 .3
6 48 151 38 35 6 .0
126 "32 161 4 9 27 5:1
4 30 151 32 35 6 .0
195 73 151 ? 0 26 5.0126 50 227 4 9 32 5 .3
7 43 108 38 30 5 .7
226 125 130 43 26 5 .0
160 68 317 38 32 5 .2
5 26 86 19 35 5 .8
70 26 130 38 26 4 * 8
8 23 317 43 32 5 .1
5 30 106 13 35 6 .0
63 69 108 25 2b 4 .7
6 50 136 38 27 5 .1
4 30 108 25 35 5 .9
58 143 108 25 2b 4 .8
73 136 38 32 5 .2
4 39 130 25 35 5 .7
190 35 238 55 26 4 .8
89 32 136 38 32 5 .0
7 4 3 130 13 39 6.0
121 99 151 25 22 5 .0
172 50 161 49 36 5 .2










5 30 130 25 35 5 .8286 35 216 4 9 22 4 . 9
381 27 317 4 9 41 5 .1
7 43 173 38 39 5 .8
195 95 259 60 22 4 . 8
180 54 181 60 36 5 .2
114.8
F e r t i l i s e r  
„ T rea tm en t, Sam ple
P lo t  N o. h«p205«K20 P e r io d
( l b a . / a c r e )
A v a i la b le  N u tr ie n t  
ml 
T
0 o n te n t^  ( ppanj ^ la PH
111-27 A 200-200-200 1 7 52 173 3? 35 5.92 165 11*7 19l* 38 26 5.03 251* 77 227 1*9 1*1 5.1*
I- 1 B 0 1 0 1 o 1 2 59 367 203 39 5.7
c.
3 6 32 136 "i*9 1*1 111
I- 2 B 0- 0-100 1 2 76 321* 328 39 ?•*2 18 95 321* 358 26 £.93 7 68 181 97 36 5.5
I- 3 B 0- 0-200 1 2 66 302 320 39 5.22 27 73 518 277 26 5.13 6 100 136 60 1+1 5.6
X- 1+ B 0-100- 0 1 2 389 313 73 5.22 9 82 191* 316 26 ^*23 76 36 181 67 1*1 5.8
I- 5 B 0-100-100 1 1 65 799 188 1*3 5.52 92 86 1*97 180 26 5.13 126 73 363 1*9 1*1 5.6
I- 6 B 0-100-200 1 2 86 W 2 313 39 5.12 9 117 583 295 26 5.03 80 159 11+06 85 32 5.7
I- 7 B 0-200- 0 1o 2 71* 1*75 328 1*8 5.2C.
3 m 1*5 1*08 97 £ i 111
I- 8 B 0-200-100 1 2 71 1*10 210 1*3 5.22 62 73 518 165 30 5.33 89 77 272 1*3 32 5.9
I- 9 B 0-200-200 1 2 85 51*0 277 1*3 5.72 10 H+3 61*8 351* 30 1**93 235 73 1*53 102 50 6.1
I-10 B 100- 0- 0 1 2 77 1*75 238 1*8 5.1*£
3 19 59 317 "1*9 27 s is
I-11 B 100- 0-100 1o 2 76 1*51* 228 1*3 5.5
3 8 95 181 38 32 Ilk
11*9
F e r t i l i s e r  
p lA l. ft*eatinent* Sample
P lo t  Ho. h -P 20 5 -K20 P e r io d
____________ ( l b s . / a c r e )
A v a i la b le  N u tr ie n t  
C o n ten t (n o n .)
T  K Ca Mg Ra pH
1-12 B 100- 0-200 1 2 77 1*75 165 1*3 5.72 11 101* 691 165 30 5.1
3 11 122 136 25 1*1 5.6
1-13 B 100-100- 0 1 2 77 238 1*3 5.52 152 91 583 313 30 5.1
3 1*9 1*1 181 38 23 5.3
1-114. B 100-100-100 1o 2 101 583 332 1*3 5.5ci
3 £5 73 227 *55 32 il£
1-15 B 100-100-200 1o 1 89 1*97 313 1*3 5.1*c.
3 52 82 136- *25 32 il£
I-lb B 100-200- 0 1 1 97 562 350 52 5.52 1*95 69 778 305 fi-3 5.7
3 305 50 1*99 112 27 5.7
1-17 B 100-200-100 1 2 89 389 396 1*8 5.62 51* 101* 518 251 1*3 5.1
3 177 73 227 1*9 23 5.14
1-18 B 100-200-200 1 2 103 1*75 21*5 1*82 111 101* 1*51* 199 39 1*.8
3 75 51* 136 32 1*1 5.5
1-19 B 200- 0- 0 1 2 100 321* 380 39 5.1*
c.
3 6 "£! 136 25 50 5~3
1-20 B 200- 0-100 1 2 83 191* 31*3 52 5*22 17 108 1*32 350 1*3 £.8
3 7 100 227 120 36 5.1
1-21 B 200- 0-200 1 2 76 281 238 1*3 5.52 12 130 1*75 217 1*3 1*.8
3 5 95 136 32 1*1 5.1
1-22 B 200-100- 0 1 1 79 1*97 228 52 5.52 1*01* 73 626 169 1*3 5.5
3 7 32 181 25 1*1 5.7
1-23 B 200-100-100 1 2 73 389 155 1*3 5.5
3 5* £l 136 13 32 I’k
150
F e r t i l i s e r  
T rea tm en t, SampleH-P2O5-K20
( l b a . / a o r e )
A v a ila b le  N u tr ie n t  
C o n ten tr i o a
f T  ‘ Fa PH
1 2 76 410 305 43 5 .32 89 52 389 210 ?9 5 .6
3 103 68 136 19 4 5 5 .5
1 1 94 389 368 43 5 .4C.
3 203 32 227 25 36 s l l
1 2 71 4 5 4 221 43 5 .5
2 206 73 5 4 ° 184 43 5 .4
3 1514- 41 181 25 32 5 .5
1 2 79 302 285 48 5 .3
3 89 59 136 *13 32 ST£
1 1 4 5 4 7 5 313 43 5*2
2 29 52 281 263 35 4.4
3 6 45 181 38 41 5.6
l 2 79 X Z 3 285 43 4.82 1 125 563 380 39 4.8
3 11 77 136 71 41 5.1
1
O
2 74 302 309 43 4.8
tL
3 9 86 136 "32 32 V . k
1
O 1 100 389 380 39 4.7C
3 86 32 181 "49 36 5 .6
1
O
2 65 173 270 39 5 .0
C.
3 67 63 181 60 41 5 .4
1 1 83 432 354 43 5 .1
2 25 104 432 372 *I 4 . 83 24 113 227 55 45 5 .8
1 2 64 3 2 4 238 43 5 .0
2 116 56 367 251 43 §*33 120 36 227 67 36 5 .6
1 2 59 346 273 43 5 .0
2 206
fi8 432 242 39 4 .93 129 86 408 112 41 5 .6
1-24 B 200-100-200
1-25 B 200-200- 0
1-26 B 200-200-100
1-27 B 200-200-200
II- I B  0 - 0 - 0
II- 2 B 0- 0-100
I- 3 B 0- 0-200
I- 4 B 0-100- 0
I- 5 B 0-100-100
I- 6 B 0-100-200
I- 7 B 0-200- 0
I- 8 B 0-200-100
151
Pertiliaer---------
Treatment, Sample Available Nutrient
( l b a . / a o r e )
roi'iuu
T ~ ~lTa M g '“TT5 pH
I I -  9 B 0 -2 0 0 -2 0 0 io 2 77 389 285 1*3 1+.9c.
3 177 73 227 1*9 £ l £17
0H1HH B 1 0 0 -  0 -  0 1O 1 9k 216 387 1*3 1**7
3 9 27 136 *32 36 i l i
1 1 -1 1 B 1 0 0 -  0 -1 0 0 1 2 V 518 270 1*3 5*1*2 25 86 605 251 39 5 .1
3 5 82 136 25 36 5.1*
1 1 -1 2 B 1 0 0 -  0 -2 0 0 1 1 103 626 387 1*3 5 .1
2 k l loij. k5k 320 1*8 1+.8
3 6 73 136 38 1*1 5 .3
1 1 -1 3 B 1 0 0 -1 0 0 -  0 1 2 % 238 255 k8 k .92 62 69 281 299 1*3 k .6
3 92 23 136 1+9 1*1 5 .3
3iHH B 1 0 0 -1 0 0 -1 0 0 1 2 56 321* 290 1*3 5 .0
2 50 56 1*75 299 1*3 k .7
3 55 82 227 71 36 5 .2
1 1 -1 5  B 1 0 0 -1 0 0 -2 0 0 1 2 61* 173 277 1*3 5 .0
2 k 1 69 32k 270 39 k .53 56 63 136 25 1*1 5 .k
1 1 -1 6 B 1 0 0 -2 0 0 -  0 1 2 91 3k6 358 39 k .9
2 17 82 389 31*3 35 k .6
3 120 27 136 38 £ l 5 .5
1 1 -1 7 B 1 0 0 -2 0 0 -1 0 0 1o 2 82 562 358 1*3 5 .1
3 160 ££ 136 25 £ l 5I£
I I -1 8 B 1 0 0 -2 0 0 -2 0 0 1 1 6k 259 320 1*8 k .9
2 k29 86 1*32 263 1*3 k .6
3 126 10k 227 102 1*1 5 .1
1 1 -1 9 B 2 0 0 -  0 -  0 1 1 62 367 299 1*3 5 .0
2 17 52 31*6 277 30 k .8
3 5 23 136 25 32 5 .2
1 1 -2 0 B 2 0 0 -  0 -1 0 0 1 2 62 191* 328 1*3 k .8
2 25 k8 3% 350 22 k .6
3 9 63 136 25 1*1 5 .1
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Fertiliser A r e !1able Nutrient
rxub ivt>• N-P2O5-K2O
(lba./aore)
Period uuM\JaCm Him PH
rl<\iiHH B 200- 0-200 1 2 57 238 259 1+3 1+.92 17 65 389 285 26 1+.6
3 9 68 136 38 1+1 5.1
11-22 B 200-100- 0 1 2 56 367 214.5 1+3 5.12 17 91 5.10 1+05 22 k.7
3 33 1+1 272 97 36 5.0
11-23 B 200-100-100 1 2 50 151 253 1+3 1+.82 58 62 1+32 350 22 5.1
3 71+ 1+1 136 38 23 5.0
II-2U B 200-100-200 1O 1 73 173 320 1+3 i+.eC,
3 73 63 136 ’32 32
•• V* M
5.1
11-25 B 200-200- 0 1O 2 127 216 320 1+3 1+.9C.
3 189 27 136 ~25 is 571
XI-26 B 200-200-100 1 3 1+7 173 216 1+3 i+.e2 99 65 1+51+ 263 30 1+.7
3 126 27 136 25 27 5.1
11-27 B 200-200-200 1 2 68 518 326 1+3 5.1+2 206 99 691 263 35 1+.7
3 279 77 272 55 18 5.6
III- 1 B 0 1 0 1 O 1 1 56 173 257 1+8 1+.92 — 52 321+ 299 26 1+.8
3 9 32 181 1+3 1+1 5.3
III- 2 B 0- 0-100 1 1 60 389 313 52 5.12 1+1 52 516 251 30 *+•9
3 1+ 63 136 1+3 18 5.1+
III- 3 B 0- 0-200 1 2 69 130 285 1+3 5.02 - 69 518 277 30 1+.6
3 5 100 136 55 18 5.1
III- k B 0-100- 0 1 2 82 1+75 21\Z 1+3 5.12 21 52 389 238 26 5.0
3 112 11+ 181 38 27 5.9
III- 5 B 0-100-100 1 2 60 302 231 1+3 5.02 50 151 1+32 320 30 1+.5
3 62 50 181 1+9 23 5.1+
153
F e r t i l i s e r
p in *  T rea tm en t9 Sample
P lo t  N o. h -P 205-K 2 0 P e r io d
A v a ila b le  N u tr ie n t  
C o n ten t (ppm .)
7  K fla Kg ffa pH
I I I -  6 B 0 -1 0 0 -2 0 0 1 2 60 518 257 k8
2 25 69 5ko 277 26
3 50 59 272 38 18
I I I -  7 B 0 - 2 0 0 -  0 1 2 60 389 238 k3
2 17 121 626 320 26
3 lk o 23 227 38 23
I I I -  8 B 0 -2 0 0 -1 0 0 1 1 56 216 285 k3
2 66 91 389 238 30
3 189 73 227 71 23
I I I -  9 B 0 -2 0 0 -2 0 0 1 2 82 302 313 k3
2 25 73 389 336 30
3 157 50 181 60 23
I I I -1 0 B 1 0 0 -  0 -  0 1 2 65 3k6 231 39
2 58 60 k75 225 26
3 6 18 136 25 23
1 1 1 -1 1 B 1 0 0 -  0 -1 0 0 1 2 52 3k6 263 k3
2 12 52 367 257 26
3 7 59 136 32 27
1 1 1 -1 2 B 1 0 0 -  0 -2 0 0 1 2 56 216 210 39
2 33 56 99k 225 39
3 10 68 136 13 27
1 1 1 -1 3 B 1 0 0 -1 0 0 -  0 1 2 65 281 299 k3
2 25 73 k5k 270 35
3 106 18 136 38 27
m - i k  b 100 - 100-100 1 1 69 216 291 39
2 26 52 3k6 251 39
3 73 59 136 25 18
1 1 1 -1 5  B 1 0 0 -1 0 0 -2 0 0 1 2 65 389 270 k3
2 lk 69 3k6 299 k8
3 109 63 136 55 lk
111 -1 6 B 1 0 0 -2 0 0 -  0 1 2 91 k5k 336 k3
2 9 65 k32 295 k8
3 92 36 181 k9 18
111-17 B 1 0 0 -2 0 0 -1 0 0 1 3 56 k32 255 392 3 69 518 291 k3
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5 .1  
k .6
5.2
5 .1  
k .7
5 .1
5 .0  
k .5
5 .1






fertiliserTreatment, Sample A v a ila b le  N u tr ie n t  C on ten t
(lbs./aore) T — " ! 8a Mg
I I I -1 8 B 1 0 0 -2 0 0 -2 0 0 1 2 99 259 372
2 1 65 432 365
3 160 77 136 60
I I I -1 9 B 2 0 0 -  0 -  0 1 2 65 367 277
2 2 48 259 193
3 7 27 136 19
1 1 1 -2 0 B 2 0 0 -  0 -1 0 0 1 1 83 367 270
2 1 69 216 270
3 6 50 136 13
1 1 1 -2 1 B 2 0 0 -  0 -2 0 0 1 2 65 324 320
2 1 39 432 240
3 9 77 136 25
1 1 1 -2 2 B 2 0 0 -1 0 0 -  0 1 1 65 432 231
2 6 39 518 261
3 73 32 136 30
I I 1 -2 3 B 2 0 0 -1 0 0 -1 0 0 1 2 134 497 343
2 2 39 346 302
3 100 50 136 32
I I I -2 U B 2 0 0 -1 0 0 -2 0 0 1 2 65 32k 291
2 31 112 346 346
3 149 59 136 30
1 1 1 -2 5  B 2 0 0 -2 0 0 -  0 1 2 65 432 299
2 2 52 432 257
3 132 32 181 43
I I 1 -2 6 B 2 0 0 -2 0 0 -1 0 0 1 1 73 259 270
2 62 432 ^ I3 166 59 227 30
I I I -2 7 B 2 0 0 -2 0 0 -2 0 0 1 3 112 324 291
2 8 73 346 309

























































I -  1 A
01010 1 6 43 216 49 56 5 .6
2 3 **I 281 97 35 5 .73 8 35 302 60 22 5 .7
155
- Available Nutrient
a aw u nw# N -P2O5-K2O
(lbe./acre)
Period P V VU MV■“TC” Ca ~TT5 PH
I -  2  A 0-  0-100 1 6 3 9 281 1*9 3 9 5 42 1+ 6 0 3 6 7 1 2 9 3 5 5 . 5
3 3 1*3 302 6 7 3 5 5 . 6
I -  3 A 0-  0-200 1 5 39 321* 7 1 3 9 5.1*2 4 2 2 9 3 6 7 1 7 5 39 5 . 5
3 3 11*7 31*6 71 3 5 5 . 7
I -  1* A 0- 100-  0 1 5 39 1 7 3 7 8 1*3 5 . 22 6 7 1 3 5 3 8 9 2 0 7 1*3 5.1*
3 1*32 3 5 302 8 5 3 5 5.1*
I -  5  A 0- 100-100 1 1* tfc3 3 6 7 71 3 9 5.1*2 1 6 6 1 8 1 1*97 138 3 5 5 . 6
3 5 5 86 3 8 9 7 8 3 5 5 . 6
I -  6 A 0- 100-200 1 6 3 0 302 71 3 5 5 . 52 2 2 6 168 1*7 5 106 39 5 . 6
3 92 121 3 8 9 71 39 5 . 5
I -  7 A 0- 200-  0 1 6 1*3 2 5 9 60 3 5 5.1*
2 i 3 1 3 5 321* 1 3 5 35 5 . 53 6614. 3 9 3 8 9 71 1*3 5 . 6
I -  8  A 0 - 2 0 0 - 1 0 0 1 5 3 5 2 1 6 3 8 3 0 5 . 5
2 132 9 5 2 3 8 1 2 0 3 5 5 . 7
3 36 73 3 0 2 60 3 5 5 . 7
I -  9 A 0 - 2 0 0 - 2 0 0 1 6 39 3 6 7 6 7 3 5 5 . 5
2 5 3 5 3 0 2 108 3 5 5.1*
3 86 156 5 6 2 85 3 9 5 .7
1 - 1 0  A 1 0 0 -  0 -  0 1 6 1*3 31*6 1 1 2 3 5 5 . 6
2 6 3 9 261 1 2 9 3 5 5.1*
3 6 39 302 97 3 5 5 . 5
I - 1 1  A 1 0 0 -  0 - 1 0 0 1 5 1*8 2 8 1 3 8 3 5 5 . 5
2 5 73 321* 1 6 5 3 5 5.1*
3 3 5 6 3 0 2 6 0 3 5 5 . 5
1 - 1 2  A 1 0 0 -  0 - 2 0 0 1 5 1*3 2 8 1 99 3 5 5.1*
2 1* 2 1 6 2 8 1 1 8 6 3 5 5 . 3
3 7 1 2 5 2 5 9 78 3 9 5 . 6
1 - 1 3  A 100-100- 0 1 6 191* 67 3 5 5 . 5
2 2 1 9 52 3 8 9 1 6 5 3 5 5 . 7
3 1 5 7 35 302 6 0 78 5 . 5
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JartiTix.r---------
Treatment, Sample Avallabla Nutrient
( l b s . / a o r e )
r e r io a Ca Hg Hffa P H
I - l k  A 100- 100-100 1 3 3 9 3 2 k 6 0 3 0 5 * 82 3 2 3 9 5 k | k i k 7 3 5 5 . 9
3 1 1 6 6 9 3 8 9 7 1 3 0 5 . 8
1 - 1 5  A 100- 100-200 1 3 3 9 1 7 3 k 9 3 0 5 . 32 k i o 2 0 3 k 7 5 1 5 5 3 9 5 . 5
3 1 5 5 112 302 k 3 3 0 5 . 6
1 - 1 6 A 100- 200-  0 1 k 3 9 302 k 9 3 5 5 . 52 1 5 6 k 8 k 7 5 138 3 5 5 . 6
3 1 6 6 k 8 k 3 2 6 7 3 5 5 . 6
1 - 1 7 A 100- 200-100 1 5 6 5 238 8 5 3 5 5 . 32 9 k 1 3 k 3 2 k l k 7 3 5 5 . 5
3 286 6 9 k 3 2 7 1 3 5 5 . k
1-18 A 100- 200-200 1 3 5 6 k 9 7 9 7 3 5 5 . 52 5 5 3 1 5 6 6 0 5 138 3 5 5 . 5
3 9 5 3 9 1 1210 1 2 9 3 5 5 . 6
1 - 1 9 A 200-  0-  0 1 7 3 9 281 k o 2 6 5 . k2 1 3 9 212 k 7 5 1 6 5 3 5 5 . 7
3 7 3 5 3 k 6 k 9 3 0 5 . k
1-20 A 200-  0-100 1 k 3 5 281 I8 2 6 5 . 32 7 1 9 k 3 8 9 180 k 3 5 . 3
3 5 7 3 302 k 9 3 0 5 . k
1-21 A 200-  0-200 1 5 k 3 3 k 6 7 1 2 6 5 . 52 7 320 k i o 1 3 5 k 3 5 . k
3 8 1 5 1 3 k 6 7 1 3 5 5 . 7
C\JCVI1H A 200- 100-  0 1 6 k 3 3 6 7 8 5 3 0 5 . 32 2 9 5 k 3 k i o 120 3 9 5 . k
3 3 1 1 3 0 562 102 3 0 5 . 5
H 1 ro A 200- 100-100 1 5 3 9 2 6 1 7 1 2 6 5 . k2 3 1 0 9 9 3 8 9 160 3 9 5 . 5
3 1 9 9 5 6 3 8 9 7 1 3 5 5 . k
I - 2 k  A 200- 100-200 1 6 3 9 3 8 9 108 2 6 5 . k2 1 3 3 2 5 1 k 7 5 188 k 3 5 . 6
3 k o 6 108 7 3 k 8 5 3 5 5 . 5
1 - 2 5 A 200- 200-  0 1 6 5 6 3 8 9 9 7 2 6 5 . 32 112 7 3 k 3 2 138 k 3 5 . 5
3 5 9 7 3 5 86k 1 2 5 3 0 5 . 5
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y*rtili*«r 
T P » a t« # n tf Sampl* 
P lo t  Mo. N-P2O5 .K2O P o rlo d
AYftilablo Nutriont
pH
1 -2 6  A 2 0 0 -2 0 0 -1 0 0 1 3 35 261 90 26 5 .1
2 274 130 410 165 39 5 .5
3 267 43 31*6 71 30 5 .4
1 -2 7  A 2 0 0 -2 0 0 -2 0 0 1 4 P 238 97 26 5 .22 252 147 410 180 39 5 .5
3 203 02 432 97 35 5 .4
I I -  1 A 0 1 0 1 O 1 5 *P 281 67 5 .72 5 39 259 1 I 1 43 5 .43 3 35 302 85 30 5 .4
I I -  2 A 0 -  0 -1 0 0 1 7 65 4 5 4 90 26 6 .0
2 3 233 367 195 39 5 .9
3 3 173 432 90 26 5 .7
I I -  3 A 0 -  0 -2 0 0 1 6 56 5U0 120 5 .8
2 5 272 367 195 43 5 .5
3 7 229 432 108 30 5 .6
11 -  4  a 0 - 1 0 0 -  0 1 6 48 389 97 5 .8
2 822 35 540 165 43 5 .5
3 394 43 518 108 30 5 .4
I I -  5  A 0 -1 0 0 -1 0 0 1 6 432 259 49 52 6 .1
2 600 117 432 147 39 5 .6
3 i 5e 104 2£9 49 30 5 .5
I I -  6 A 0 -1 0 0 -2 0 0 1 6 69 367 90 5 .7
2 305 173 367 135 43 5 .5
3 234 138 346 90 30 5 .4
I I -  7 A 0 - 2 0 0 -  0 1 6 39 194 49 22 5 .8
2 711 ? ° 518 151 39 5 .53 141 43 216 49 26 5 .5
I I -  8 A 0 -2 0 0 -1 0 0 1 9 43 367 97 26 6 .0
2 616 117 432 120 39 5 .7
3 267 134 302 97 35 5 .5
I I -  9 A 0 -2 0 0 -2 0 0 1 5 35 324 67 26 5 .8
2 176 289 302 129 39 5 .7
3 457 160 346 55 30 5 .6
1 1 -1 0  A 1 0 0 -  0 -  0 1 7 69 432 112 30 5 .7
2 5 48 367 188 39 5 .0
3 3 43 302 97 35 5 .3
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Fertilizer 
„ Treatment, SamplePlot Ho. h-P205-K20 Period
( l b s . / a o r e )
Available Vutrient
C o n ten t (ppau)
T  C a  Mg' TTa pH
11-11 A 100- 0-100
11-12 A 100- 0-200
11-13 A 100-100- 0
11-14 A 100-100-100
II-15 A 100-100-200
11-16 A 100-200- 0
1 1 - 1 7  A 100-200-100
11-18 A 100-200-200
11-19 A 200- 0- 0
11-20 A 200- 0-100
11-21 A 200- 0-200


























1 2 5  108i
6 48
4  2 2 9  







281 8 5  30
1 9 4  1 3 5  3 9
2 5 9  5 5  3 5
3 8 9  7 1  3 0
3 2 4  1 7 1  3 5
2 1 6  38 30
5 6 2  112 2 6
5 8 3  1 9 9  3 9
7 8 4  120 30
302 8 5  3 0
4 5 9  120 3 9
2 1 6  6 7  30
3 8 9  102 2 6
4 7 5  1 7 1  4 3
4 3 2  9 7  3 0
2 5 9  9 7  2 6281 1 6 0  43
302 7 1  5 6
3 2 4  6 7  2 6
3 4 6  1 9 9  3 5778 6 0  3 5
8 5 2  4 1 0  102 2 6
2 7 4  1 3 8  4 1 0  1 8 8  3 9
8 1 3  1 4 3  6 9 1  7 1  3 0
9  3 5
5 8 5  138 
4 8  7 8
6 48
4 3 1  2 0 7
1 6 7  1 5 6
7  3 9
3 0 5  3 0
3 4 9  3 5
7  3 5  238
5  2 6  1 9 4
4  30 1 7 3
10 56 4324 78 238
5 7  7 3  8 2 1
6 56 302
4 181 216
2 2  1 1 7  6 0 5
6  3 9  3 2 4
1 6 0  5 6  4 7 5
2 7 9  2 6  5 6 2
8 5  3 0
1 9 5  3 560 30
112 30 
1 8 4  3 9
1 5 5  4 3
8 5  2 6
9 7  3 9
1 8 4  4 3





































n u  u n v>• n-p205-k2o
( l b a . / a c r a )
P a r lo d ■-JT ■*TC ‘ Ca “ Tfa pH
I I -2 3 A 2 0 0 -1 0 0 -1 0 0 1 5 43 259 67 26 5 .8
2 774 99 562 199 5 .7
3 356 60 346 78 48 5 .4
1 1 -2 4  A 2 0 0 -1 0 0 -2 0 0 1 6 238 90 26 5 .6
2 473 143 432 171 39 5 .3
3 165 121 302 108 43 5 .1
1 1 -2 5  A 2 0 0 -2 0 0 -  0 1 7 65 497 97 26 5 .9
2 853 39 756 231 39 5 .7
3 267 39 518 112 4 3 5 .5
1 1 -2 6 A 2 0 0 -2 0 0 -1 0 0 1 6 52 389 97 26 5 .6
2 932 117 799 203 39 5 .4
3 X8I4- 78 389 71 43 5 .2
1 1 -2 7 A 2 0 0 -2 0 0 -2 0 0 1 6 60 410 102 26 5 .9
2 616 151 642 188 39 6 .1
3 235 104 389 108 43 5 .5
I I I -  1 A 01010 1 4 4 4 346 49 26 5 .7
2 13 39 389 171 39 5 .7
3 3 35 346 71 39 5 .4
I I I -  2 A 0 -  0-100 1 5 56 367 71 26 5 .9
2 2 73 302 169 36 6 .0
3 3 117 302 71 39 5 .6
I I I -  3 A 0 -  0 -2 0 0 1 6 74 4 9 7 108 26 6 .0
2 2 143 389 210 35 5 .9
3 2 177 4 7 5 97 39 5 .6
i l l -  4 A 0 - 1 0 0 -  0 1 5 48 302 55 26 5 .5
2 226 5 4 ° 165 35 5 .8
3 95 43 389 85 39 6.0
h i -  5 A 0 -1 0 0 -1 0 0 1 4 71 85 26 5 .8
2 244 1014. 583 108 39 6 .6
3 305 95 605 108 39 5 .7
III- 6 A 0 -1 0 0 -2 0 0 1 5 59 432 71 26 5 .9
2 680 181 670 43 6.4
3 11+0 134 432 85 35 5 .8
I I I -  7 A 0 - 2 0 0 -  0 1 5 56 281 49 26 5 .6
2 620 39 4 5 4 76 43 6 .2
3 343 43 346 97 35 5 .4
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TerCTTTzer 
Treatment, Sample Avallabia NutrlantContent
(lba./aore)
rofiuu * T “ " T - Sa Mg ITS p H
X I -  Q A 0 - 2 0 0 - 1 0 0 l 5 9 1 2 1 6 6 0 3 0 6 . 1
2 $ 6 8 1 1 7 5 8 3 1 + 0 1 + 8 6 . 0
3 8 9 9 1 2 1 6 1 + 9 3 9 5 . 3
I I -  9 A 0 - 2 0 0 - 2 0 0 1 1+ 7 1 + W 2 8 5 2 6 5 . 8
2 6 1 1 + 1 6 0 3+2 1 1 2 5 2 6 . 5
3 7 8 7 1 1 + 3 9 0 7 1 2 9 1 + 3 5 . 8
1 1 - 1 0 A 1 0 0 -  0 -  0 1 5 5 3 3 2 1 + 1 + 9 2 6 5 . 8
2 3 2 3 9 1 9 1 + 3 8 1+3 5 . 9
3 1 2 3 0 3 0 2 1 + 9 3 9 5 . 7
1 1 - 1 1 A 1 0 0 -  0 - 1 0 0 1 1+ 1 + 5 2 3 8 1 + 9 3 0 5 . 8
2 1 2 5 1 7 3 1 + 3 3 9 5 . 9
3 3 8 6 2 1 6 1 + 9 3 9 5 . 6
1 1 - 1 2 A 1 0 0 -  0 - 2 0 0 1 5 5 3 2 $ 9 6 0 3 5 5 . 7
2 3 1 1 2 1 5 1 3 2 1 + 8 5 . 2
3 1+ 1 1 2 2 $ 9 1 + 9 3 9 5 . 1 +
T<\H1HH A 1 0 0 - 1 0 0 -  0 1 1+ 1 + 8 2 6 1 1 + 9 2 6 5 . 5
2 6 6 0 2 6 6 7 0 $ 6 1 + 8 6 . 0
3 l i + 0 3 5 3 1 + 6 6 0 3 5 5 . 2
I I - 1 1 + A 1 0 0 - 1 0 0 - 1 0 0 1 5 5 o 2 3 8 1 + 9 2 2 5 . 7
2 6 7 3 6 $ 6 1 + 8 1 + 8 6 . 1
3 1 5 2 7 3 302 6 0 3 5 5 . 3
1 1 - 1 $ A 1 0 0 - 1 0 0 - 2 0 0 1 5 1 + 2 3 1 + 6 7 1 2 6 5 . 6
2 6 1 + 7 2 0 7 6 1 + 6 7 6 1 + 8 5 . 8
3 2 0 3 9 9 3 0 2 6 0 3 5 5 . 3
1 1 - 1 6 A 1 0 0 - 2 0 0 -  0 1 5 3 9 1 9 1 + 7 1 3 9 5 . 1 }
2 6 2 0 2 6 8 2 1 1 3 0 5 6 5 . 6
3 3 3 0 3 9 3 1 + 6 7 1 1 + 8 5 . 1 +
1 1 - 1 7 A 1 0 0 - 2 0 0 - 1 0 0 1 5 1 $ 1 + 1 5 1 2 5 1 + 8 6 . 1 +
2 7 6 6 1 1 2 6 1 + 8 5 6 1 + 8 5 . 6
3 5 7 9 $ 2 5 9 5 5 3 5 5 . 1 +
1 1 - 1 8 A 1 0 0 - 2 0 0 - 2 0 0 1 6 5 1 1 + 7 5 7 1 3 9 5 . 7
2 7 6 6 2 2 9 73U 1 3 0 1 + 3 5 . 8
3 2 6 7 1 3 0 6 0 5 8 5 3 9 5 . 3
1 1 - 1 9 A 2 0 0 -  0 -  0 1 1+ 1 + 8 1 9 1 + 5 5 1 + 8 5 . 7
2 2 k 3 5 1 7 3 6 0 1 + 3 5 . 8




f x o z  ho. N-P2O5-K2O Period
Available Nutrient
Content (ppm.)__
* " Ca Mg "ITa pH
111-20 A 200- 0-100 1 7 107 605 108 1+82 5 207 1+97 85 1+3
3 7 117 1+75 60 1+3
III-21 A 200- 0-200 l 5 62 321+ 102 1+32 5 238 281 97 1+8
3 2 151 31+6 108 39
111-22 A 200-100- 0 1 7 60 389 71 352 k75 11-3 61+8 85 1+33 95 39 1+32 71 35
HI-23 A 200-100-100 1 5 1+1+ 302 1+9 352 370 99 1+75 78 1+3
3 51 69 302 60 35
111-21+ A 200-100-200 1 6 1+1+ 1+10 90 1+32 237 101+ 389 85 1+3
3 660 99 907 108 39
111-25 A 200-200- 0 1 6 77 583 108 392 581 60 1015 166 1+8
3 505 60 731+ 71 39
111-26 A 200-200-100 1 6 38 173 78 352 607 78 972 76 60
3 31+1+ 35 302 1+9 39
III-27 A 200-200-200 1 6 l+l 216 382 568 117 81+2 76 60
3 i+06 108 31+6 1+3 39
I- 1 B 01O1O 1 3 39 216 129 262 6 39 191+ 11+3 35
3 1 35 216 120 35
I- 2 B 0- 0-100 1 1 30 191+ 171 262 15 108 130 180 39
3 1 1+8 216 155 35
I- 3 B 0- 0-200 1 3 30 238 165 302 5 95 216 195 39
3 1 H+3 259 138 35





























" — f 2 u5 - ‘*2u 
( l b s ./acre)
rerioa
' " K Ca T T ITS PH
I -  5  B 0 -1 0 0 -1 0 0 1 1 35 259 155 30 5 .3
2 15 108 259 180 39 1+.9
3 H * 108 259 120 30 5 .0
I -  6 B 0 -1 0 0 -2 0 0 1 3 22 151 155 5 .0
2 6 112 130 165 £3 £ .6
3 1* 69 173 11*7 35 1+.9
I -  7 B 0 -2 0 0 -  0 1 3 30 130 11*7 30 1+.9
2 7 30 1*3 165 1*3 5 .1
3 35 30 173 155 39 5 .0
I -  8 B 0 -2 0 0 -1 0 0 1 1 30 173 155 5 .1
2 38 65 173 180 £3 1+.9
3 22 65 216 155 35 5 .1
I -  9 B 0 -2 0 0 -2 0 0 1 1 35 173 155 30 5 .0
2 31* 160 151 165 39 1*.7
3 50 160 216 125 30 1+.9
1 -1 0 B 1 0 0 - 0 -  0 1 3 22 108 138 35 5 .1
2 1 26 65 155 1*3 1+.6
3 1 26 130 129 35 5 .0
1 -1 1 B 1 0 0 -  0 -1 0 0 1 3 26 151 165 30 5 .1
2 2 95 130 171 39 14-.7
3 2 65 173 100 39 5 .0
1 -1 2 B 1 0 0 -  0 -2 0 0 1 3 17 86 138 30 5 .1
2 2 65 65 160 1*3 1+.6
3 1 101* 130 71 35 i*.e
1 -1 3 B 1 0 0 -1 0 0 -  0 1 1* 22 130 129 30 5 .1
2 2 26 1*3 151 39 5 .3
3 H* 22 130 108 39 5 .0
1-11* B 1 0 0 -1 0 0 -1 0 0 1 3 39 191* 138 26 5 .3
2 13 65 216 155 1+3 5 .0
3 51 1*8 259 108 39 5 .3
1 -1 5  B 1 0 0 -1 0 0 -2 0 0 1 3 30 130 171 30 5 .1
2 £ 101* 130 203 1*8 k .6
3 6 121 130 108 39 5 .0
1 -1 6 B 1 0 0 -2 0 0 -  0 1 1* 30 238 175 26 5 .3
2 53 52 216 180 1*8 5 .3




N - P 2O 5- K 2O
(lbe./ecre)
Period T " T  ' C e tfa p H
1 - 1 7 B 100- 200-100 1 2 3 9 1 5 1 ^ ■ Z1 3 5 1 * . 92 102 1 * 3 1 3 0 180 1 * 3 1 * . 9
3 1 9 3 1*6 216 1 1 * 7 3 5 1 * . 9
1-18 B 100- 200-200 1 3 2 6 1 5 1 1 6 5 3 9 5 . 22 28 3 9 1 5 1 1 7 1 3 9 1 * * 7
3 66 6 5 1 7 3 1 3 5 3 5 l * . 9
1 - 1 9 B 200-  0-  0 1 3 1 * 3 2 1 6 120 3 5 5 . 22 1 * 9 3 9 238 1 2 9 3 9 1 * . 7
3 1 3 5 1 7 3 7 1 3 5 1 * . 7
1-20 B 200-  0-100 1 3 1 7 86 9 7 3 9 5 . 12 2 5 6 6 5 112 3 5 1 * . 5
3 2 6 9 1 7 3 1 * 9 3 5 5 . 0
H f r\> H B 200-  0-200 1 3 3 0 1 5 1 1 1 * 7 3 9 5 . 02 2 9 9 130 1 7 5 3 9 1 * . 5
3 1 1 1 * 7 1 7 3 9 7 3 0 1 * * 7
I -22 B 200- 100-  0 1 5 22 1 3 0 1 5 5 3 9 5 . 02 5 22 130 1 8 8 3 9 1 * . 7
3 7 22 1 7 3 1 1 * 7 3 5 5 . 0
cr\
<\i1H B 200- 100-100 1 3 22 6 5 1 2 9 3 9 5 . 02 5 86 1 5 1 3 9 1*.6
3 1 7 1*8 1 7 3 9 7 3 0 i * . 9
I  “ 2 k  E 200- 100-200 1 1 22 1 0 8 1 1 * 7 1 * 3 5 . 32 5 X 1 Z 1 0 8 1 5 1 1 * 3 1 * * 7
3 2 5 7 8 1 7 3 8 5 3 9 5 . 0
IA(\j1H B 200- 200-  0 1 3 2 6 1 * 3 112 1 * 3 5 . 22 9 0 3 5 1 * 3 1 6 $ 1 * 3 1 * . 9
3 152 22 216 9 7 3 0 1*.8
T - 2 6 B 200- 200-100 1 1 1 7 1 * 3 9 0 U 3 5 . 32 21* 3 9 1 * 3 125 1*8 5 . 0
3 9 7 3 0 1 7 3 7 8 3 5 1 * . 9
1 - 2 7 B 200- 200-200 1 2 1 7 86 108 3 0 5.2
2 5 7 3 6 5 1 2 0 1 * 3 1 * . 7
3 8 6 5 2 1 3 0 6 0 3 5 5 . 0
I I -  1 B 01O1O 1 3 2 2 8 6 108 3 0 5 . 2
2 2 2 2 8 6 125 3 9 5 . 3




Treatment* Sample Available Nutrient
n -r g u j-n g w  rorx oa
( l b s ./acre) T " ‘ “CTa Mg "5Ta pH
I I -  2 B 0 -  0 -1 0 0  1 1 35 19k 203 30 5 .2
1 117 216 171 39 5 .2
3 164 302 97 35 5 .5
I I -  3 B 0 -  0 -2 0 0  1 5 17 65 120 >° 5 .02 225 66 120 43 4 .8
3 3 125 173 108 35 4 .6
I I -  k B 0 - 1 0 0 -  0 1 1 17 65 129 35 5 .1
93 22 86 120 43 5 .1
3 77 17 259 108 35 5 .0
I I -  5 B 0 -1 0 0 -1 0 0  1 2 69 65 143 39 4 .8
68 60 108 108 43 4 .9
3 22 65 130 108 35 4 .9
I I -  6 B 0 -1 0 0 -2 0 0  1 1 30 86 165 5 .1
127 143 151 138 43 4 .8
3 72 112 216 120 39 4 . 9
I I -  7 B 0 - 2 0 0 -  0 1 3 30 86 175 35 5 .2
436 13 19k 60 35 5 .9
3 119 30 216 136 43 5 .1
I I -  8 B 0 -2 0 0 -1 0 0  1 1 26 65 138 30 5 .2
268 52 191+ 138 43 4 . 9
3 22 52 130 129 43 4 .8
I I -  9 B 0 -2 0 0 -2 0 0  1 5 17 130 147 30 5 .2
16 125 130 160 43 4 . 5
3 292 21+2 302 85 39 4 .8
1 1 -1 0 B 1 0 0 -  0 - 0  1 1 22 fP 129 30 5 .12 22 86 147 39 4 .6
3 4 26 130 90 35 4 . 9
H H • H H B 1 0 0 -  0 -1 0 0  1 3 22 108 120 30 5 .1
2 91 86 92 43 4 . 53 8 65 173 108 43 4 .6
1 1 -1 2 B 1 0 0 -  0 -2 0 0  1 1 39 259 151 26 5 .4
1 160 259 155 43 4 . 5
3 4 156 216 71 35 5 .1
1 1 -1 3 B 1 0 0 -1 0 0 -  0 1 3 39 151 171 26 5 .3
16 30 173 169 39 4 .7
3 86 35 346 129 39 5 .3
165
Ferfciliaar 
TreatMnt, Sample Plot Ko. H.p205.K20 Period
___________ (lb»./«ore)_________
At allable Nutrient
Content (o d b u ) 
F Ca Mg TTa PH
II-11*. B 100-100-100
11-15 B 100-100-200
II-16 B 100-200- 0
11-17 B 100-200-100
11-18 B 100-200-200
11-19 B 200- 0- 0
11-20 B 200- 0-100
11-21 B 200- 0-200
11-22 B 200-100- 0
11-23 B 200-100-100
II-24 B 200-100-200

























1  1 7  86 1 3 5
8 2  3 9  6 5  7 16 3 5  1 7 3  9 7











2 2 1 6  
1 5 6  9 5




1 2 6  1 60 
4  9 1
6 22
1  1 4 3  
4  1 3 1
2 2 6  
7  3 5
4 0  3 2
2 2 7s a
2 2 6  16 117 
1 6  68
2 36 30 22 
1 1 7  4 1
108 1 4 7108 1 0 8




1 5 1  1 2 9  4 3
2 1 6  138 3 9
6 5  120 30
6 5  108 4 3
2 1 6  8 5  1 * 3
86 1 2 9  2 6
1 3 0  1 1 * 7  3 9
2 1 6  5 5  4 3
130 160 4 3
1 9 4  1 4 7  4 3
3 4 6  1 4 7  4 3
108 120 35
86 9 7  4 3130 32 4 3
86 1 2 9  3086 1 3 8  3 9




130 180 2 6
1 9 4  1 9 9  3 9
2 7 2  1 4 3  3 2
86 120 35
1 5 1  102 4 3
4 5 3  7 8  36
86 1 0 8  35
86 7 1  4 8
1 3 6  9 7  2 7
3 2 4  1 9 9  30281 129 39























































Period "T Na PH
11-26 B 200-200-100 1 1 26 86 11*7 P 1**92 261+ 39 *2° 97 k3 5.03 169 27 181 120 36 1*.8
11-27 B 200-200-200 1 2 29 151 155 35 5.02 U*2 190 173 102 1*3 5.33 12 150 181 138 27 5.2
III- 1 B 0 1 0 1 o 1 2 51 86 138 65 1*.92 1* 26 108 71 39 5.8
3 3 36 227 97 23 5.1*
III- 2 B 0- 0-100 1 1 51 191* 171 35 5.02 2 13k 151 108 35 5.53 3 n * i 227 108 27 5.1+
III- 3 B 0- 0-200 1 2 60 191* 151 1*3 5.12 1 173 151 108 35 5.1+
3 3 199 272 108 27 5.1*
III- 1+ B 0-100- 0 1 1 1*8 86 171 1*3 5.02 88 39 108 71 35 5.6
3 3 1*5 136 138 32 5.1
III- 5 B 0-100-100 1 2 1*1 l5l 160 1*3 5.02 132 95 173 151 35 5.2
3 120 86 363 129 27 5.3
III- 6 B 0-100-200 1 1 51 216 169 39 5.22 63 216 173 85 35 5.8
3 3 168 272 138 32 5.1*
III- 7 B 0-200- 0 1 2 36 86 155 1*3 1**92 207 35 173 135 39 5.1
3 381 36 1*08 120 32 t*.9
III- 8 B 0-200-100 1 1 36 86 129 1*3 1*.72 1*68 130 259 120 1*3 1*.9
3 30 91 136 120 27 1+.8
III- 9 B 0-200-200 1 1 1*7 173 180 1*3 5.12 125 259 151 39 5.53 368 159 363 108 32 5.1*
111-10 B 100- 0- 0 1 1 51 173 180 39 5.22 3 39 86 60 35 5.0
3 6 1*1 272 61 32 5.2
167
A v a ila b le  N u tr ie n t
Plot No. N-P2O5-K2O
(lba./aore)
Period Content (dpjb.) pHP K Ca Mg Ha
III-ll B 100- 0-100 1 2 14-1 151 147 39 5.02 2 130 86 49 39 4.73 6 91 136 71 27 5.1
111-12 B 100- 0-200 1 2 32 108 155 43 5.02 1 86 130 71 43 4.8
3 1 95 453 147 27 5.1
111-13 B 100-100- 0 1 2 26 108 138 43 5.02 85 17 151 112 43 5.2
3 9 27 1*08 147 32 5.1
I I I - I k  B 100-100-100 1 1 32 130 155 43 4.92 26 151 108 39 5.0
3 6 32 227 155 36 5.1
HI-15 B 100-100-200 1 2 27 86 108 43 4.92 56 108 65 32 43 4.8
3 17 86 136 85 23 5.0
III-16 B 100-200- 0 1 2 29 86 90 48 4.92 85 13 43 67 43 5.03 20 27 136 97 27 5.0
111-17 B 100-200-100 1 1 132 130 160 48 5.32 330 69 130 55 43 5.2
3 31 50 227 165 32 5.0
111-18 B 100-200-200 1 1 32 151 221 43 5.02 303 125 194 90 52 5.3
3 14 100 227 147 32 5.1
III-19 B 200- 0- 0 1 1 26 86 165 5.02 1 26 130 97 60 4.6
3 23 23 181 129 27 4.5
111-20 B 200- 0-100 1 2 48 86 43 4.82 2 112 173 108 56 4.7
3 3 82 227 129 36 4.3
III-21 B 200- 0-200 1 2 35 86 97 43 4.92 2 199 130 97 60 4.7
3 3 118 136 97 36 4.2
111-22 B 200-100- 0 1 2 35 151 147 43 5.02 15 30 173 129 52 5.3
3 39 32 272 125 j>6 5.1
168
FerFITTzer




I I I -2 3 B 2 0 0 -1 0 0 -1 0 0 1 1 27 86 151 43 5 .1
2 36 73 130 71 56 5 .1
3 6 36 181 155 36 5 .0
I I I - 2 k  B 2 0 0 -1 0 0 -2 0 0 1 1 27 86 120 4 8 5 .0
2 21 39 151 85 60 4 .9
3 3 54 227 120 36 4 .8
I I I -2 5 B 2 0 0 -2 0 0 -  0 1 1 50 216 155 43 5 .2
2 236 35 346 138 56 5 .7
3 23 41 544 155 36 5 .1
I I I -2 6 B 2 0 0 -2 0 0 -1 0 0 1 1 33 86 71 43 4 .9
2 186 26 86 38 56 4 .9
3 40 27 22 7 60 41 4 .9
1 1 1 -2 7 B 2 0 0 -2 0 0 -2 0 0 1 1 30 86 97 43 5 .0
2 161 108 35 56 5 .o
3 16 68 181 85 41 4 .8
Washington Pariah. Plantation
I -  1 A 0101o 1 23 52 194 36 30 5 .7
2* 17 54 227 85 *♦ 5 .7
I -  2 A 0 -  0 -1 0 0 1 27 35 173 38 35 5 .7
2 23 45 181 60 5 .6
I -  3 A 0 -  0 -2 0 0 1 24 173 25 30 5 .7
2 21 86 227 71 5 .7
I -  If. A 0 - 1 0 0 -  0 1 25 39 173 25 35 5 .7
2 94 54 317 78 5 .7
I -  5 A 0 -1 0 0 -1 0 0 1 25 56 173 13 35 5 .7
2 40 63 227 71 5 .7
I -  6 A 0 -1 0 0 -2 0 0 1 28 43 151 13 30 5 .7
2 28 41 181 49 5 .6
♦Period 2 * end of 1960 growing season,
♦»Not determined for I960 soil samples from this plan­
tation.
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Traatmant, Sampla ATallabla Nutrlant* * N-P2O5 -K2O
( l b a . / a o r a )
P a r lo d *“P E C t M g "TT5 pH
I -  7 A 0 - 200 -  0 1 29 43 151 4 9 35 5 .72 34 50 181 60 5 .8
I -  8 A 0 - 200-100 1 52 173 49 30 5 .9
2 66 68 227 49 5 .8
I -  9 A 0 -2 0 0 -2 0 0 1 26 39 130 25 35 5 .8
2 63 50 181 4 9 5 .8
I -1 0 A 1 0 0 -  0 -  0 1 23 39 173 25 35 5 .8
2 21 54 227 60 5 .7
I  -1 1 A 1 0 0 -  0 -1 0 0 1 32 48 151 35 5 .8
2 28 63 181 49 5 .7
1 -1 2 A 1 0 0 -  0 -2 0 0 1 48 69 432 60 39 5 .7
2 30 122 453 90 5 .8
H1H A 100-100- 0 1 23 43 194 19 35 5 .7
2 31* 41 272 60 5 .7
I - I k  A 1 0 0 -1 0 0 -1 0 0 1 21a 65 238 60 35 5 .9
2 31 100 272 67 5 .8
1 -1 5 A 1 0 0 -1 0 0 -2 0 0 1 23 35 194 43 5 .8
2 30 73 227 67 5 .8
1 -1 6 A 1 0 0 -2 0 0 -  0 1 11 35 302 38 43 6 ,0
2 114 50 408 71 6 .1
r-HiH A 1 0 0 -2 0 0 -1 0 0 1 18 30 151 25 43 5 .8
2 48 73 181 60 5 .8
1-18 A 1 0 0 -2 0 0 -2 0 0 1 24 52 238 38 35 5 .8
2 35 86 227 67 5 .6 <
1 -1 9 A 2 0 0 -  0 -  0 1 23 52 281 49 43 5 .8
2 28 59 272 71 5 .6
1 -2 0 A 2 0 0 -  0 -1 0 0 1 26 35 151 19 39 5 .7
2 31 73 272 60 5 .8
1 -2 1 A 2 0 0 -  0 -2 0 0 1 24 30 108 13 39 5 .7
2 31 73 136 49 5 .8
1 -2 2 A 2 0 0 -1 0 0 -  0 1 16 39 194 49 39 5 .8
2 46 63 317 71 5 .8
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" K ■ PH
1-23 A 200-100-100 1 23 43 281 36 39 5*72 29 91 272 71 5.6
I-2li A 200-100-200 1 18 52 321*. 55 35 5.82 19 113 363 71 5.8
1-25 A 200-200- 0 1 15 39 1914. 38 1*3 5.72 86 73 317 60 5.7
1-26 A 200-200-100 1 21 35 1914- 43 5.72 40 68 22 7 60 5.8
1-27 A 200-200-200 1 22 22 108 38 39 5.62 31 68 136 49 5.8
II- 1 A 0- 0- 0 1 13 35 194 38 39 5.72 17 41 227 60 5.8
II- 2 A 0- 0-100 1 17 39 259 38 39 5.92 16 73 272 60 6.0
II- 3 A 0- 0-200 1 18 30 151 32 1*3 5.82 17 54 181 49 5.8
II- k A 0-100- 0 1 22 k8 324 38 1+3 5.82 42 63 363 78 6.0
II- 5 A 0-100-100 1 18 35. 151 38 39 5.62 48 59 136 55 5.8
II- 6 A 0-100-200 1 13 48 32I4. k9 1*8 6.02 60 91 317 67 6.0
II- 7 A 0-200- 0 1 22 35 302 38 43 5.82 19 54 317 55 6.0
II- 8 A 0-200-100 1 12 35 194 32 48 5.72 73 73 272 60 5.8
II- 9 A 0-200-200 1 16 35 194 25 48 5.72 24 59 227 49 5.8
11-10 A 100- 0- 0 1 17 26 130 13 43 5.72 16 45 136 38 5.5
11-11 A 100- 0-100 1 18 30 151 32 39 5.72 19 77 181 14-3 5.7
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Treatment, Sample Available Nutrientr xub 11 v.9 a N-P2O5 -K2O
( l b a . / a o r e )
P e r io d r K
“r,. 'urr Ca '“IS PH
11-12 A 100- 0-200 1 15 39 151 39 5.82 16 86 181 £3 5.7
11-13 A 100-100- 0 1 15 39 108 25 39 5.92 21 36 136 1*3 5.7
XI-lli A 100-100-100 1 13 39 281 39 5.82 23 101* 317 £9 5.7
II-15 A 100-100-200 1 18 22 130 25 39 5.62 30 86 136 32 5.6
11-16 A 100-200- 0 1 18 26 130 1*9 39 5.62 63 32 136 38 5.5
11-17 A 100-200-100 1 17 22 151 25 39 5.72 23 68 136 38 5.6
11-10 A 100-200-200 1 17 1*8 367 60 39 6.02 26 95 363 60 5.7
11-19 A 200- 0- 0 1 18 30 151 25 35 5.72 21* 59 227 1*3 5.6
11-20 A 200- 0-100 1 16 26 151 25 35 5.62 19 59 181 1*3 5.6
11-21 A 200- 0-200 1 18 22 173 25 35 5.72 23 101* 227 1*3 5.7
11-22 A 200-100- 0 1 18 1*6 216 1*9 39 5.62 26 73 317 35 5.5
11-23 A 200-100-100 1 19 30 151 32 1*3 5.72 20 86 181 38 5.7
11-21* A 200-100-200 1 12 39 238 36 35 5.72 26 113 272 1*9 5.6
11-25 A 200-200- 0 1 21 35 173 32 35 5.72 1*6 68 181 38 5.6
11-26 A 200-200-100 1 13 26 173 38 35 5.72 23 82 181 38 5.6
11-27 A 200-200-200 1 15 35 238 32 39 5.82 29 101* 272 1*3 5.6
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TertTTTZer" Available Nutrient
N - P 2 O 5 - K 2 O
(lba./aore)
Period !*
v v u w v
— K
M b  V Vi
Ca
JUlm t
Mg Ha P H
III- 1 A 01010 1 24 35 130 19 39 5.82 23 32 136 38 5.5
III- 2 A 0- 0-100 1 17 26 216 43 35 5.82 21 68 227 38 5.7
III- 3 A 0- 0-200 1 21 26 108 25 43 5.62 26 59 136 32 5.6
III- If. A 0-100- 0 1 14 30 194 49 43 5.82 24 41 227 43 5.6
III- 5 A 0-100-100 1 26 43 216 38 35 5.72 29 73 227 49 5.7
III- 6 A 0-100-200 1 18 ?° 130 38 35 5.92 26 45 136 38 5.8
III- 7 A 0-200- 0 1 19 35 194 97 39 5.92 37 41 227 38 5.8
III- 8 A 0-200-100 1 16 35 216 25 35 5.82 51 100 272 49 5.7
III- 9 A 0-200-200 1 25 43 194 60 35 5.82 29 50 181 38 5.6
III-10 A 100- 0- 0 1 32 60 302 55 35 5.82 31 63 272 49 5.5
III-ll A 100- 0-100 1 14 26 108 13 43 5.82 20 59 136 32 5.6
III-12 A 100- 0-200 1 51 69 346 55 48 5.82 49 109 363 67 5.6
III-13 A 100-100- 0 1 19 35 151 19 39 5.92 29 45 181 32 5.73iMHH A 100-100-100 1 36 130 38 39 5.92 34 59 136 38 5.6
HI-15 A 100-100-200 1 20 48 173 25 35 5.92 21 91 161 43 5.5
1 1 1 - 1 6 A 100-200- 0 1 19 22 130 25 35 5.82 53 41 181 38 5.5
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Treatmentv Sample Available Nutrientnut n(i* N-P2O5-K2O






111-17 A 100-200-100 12 1526 1*873 32 3 39 6.05.6
III-18 A 100-200-200 12 73100 302272 601*9 1*3 5.95.5
111-19 A 200- 0- 0 12 2020 391*1
130136 732 35 6,05.7
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Plot No. N-P2O5-K2O 
(lba•/acre)
0«LEU|/J.V
Period Content (ppm.) pH* K Ca TTg Him
I- 6 B 0-100-200 1 2 26 130 60 48 5.22 40 100 136 49 5.1
I- 7 B 0-200- 0 1 1 30 194 85 43 5.32 33 45 272 97 5.1
I- 8 B 0-200-100 1 1 22 173 102 39 5.32 166 236 272 97 5.2
I- 9 B 0-200-200 1 1 30 151 85 39 5.32 194 358 181 55 5.2
1-10 B 100- 0- 0 1 1 26 216 85 43 5.42 4 41 227 85 5.0
1-11 B 100- 0-100 1 1 35 173 108 43 5.22 4 82 181 60 5.1
1-12 B 100- 0-200 1 2 35 238 108 43 5.42 6 118 181 49 5.3
1-13 B 100-100- 0 1 1 22 194 102 48 5.42 59 32 272 60 5.2
I-lit B 100-100-100 1 1 30 238 129 48 5.42 24 77 272 102 5.2
IT\H1H B 100-100-200 1 1 26 173 71 43 5.12 9 50 227 85 5.2
1-16 B 100-200- 0 1 22 238 108 43 5.42 215 27 317 67 5.1
H 1 H ~0 B 100-200-100 1 1 35 194 120 43 5.22 7 73 227 138 5.2
1-18 B 100-200-200 1 1 22 108 67 39 5.22 5* 91 136 71 5.1
1-19 B 200- 0- 0 1 1 30 194 71 43 5.22 9 41 181 67 4.6
1-20 B 200- 0-100 1 1 22 194 108 43 5.22 6 73 181 67 4.7





Period 7 “ Ca “TTa pH
1-22 B 200-100- 0 1 1 30 191+ 120 59 5.32 9 32 227 120 1+.6
1-23 B 200-100-100 1 1 26 173 71 1+3 5.32 13 59 227 85 1+.9
<?IH B 200-100-200 1 1 30 216 H+3 1+3 5.32 6 73 227 78 5.0
1-25 B 200-200- 0 1 1 35 151 97 1+3 5.22 1+1 32 136 78 5.0
1-26 B 200-200-100 1 1 22 173 97 1+3 5.32 i+o 51+ 181 71 5.0
1-27 B 200-200-200 1 1 22 151 k9 1+8 5.22 6 331 136 60 5.1
II- 1 B 0 1 o » o 1 3 26 191+ 102 1+8 5.1+2 1+ 1+1 22? 85 5.5
II- 2 B 0- 0-100 1 2 26 238 55 1+3 5.1+2 1+ 109 227 67 5.5
II- 3 B 0- 0-200 1 2 35 173 97 35 5.22 1+ 101+ 181 78 5.1+
II- 1+ B 0-100- 0 1 1 30 216 97 1+3 5.32 19 1+1 27 2 90 5.3
II- 5 B 0-100-100 1 1 22 86 67 39 5.12 1+9 91 136 67 5.2
II- 6 B 0-100-200 1 1 30 321+ 125 1+3 5.1+2 31 163 272 90 5.3
II- 7 B 0-200- 0 1 1 22 238 85 1+3 5.52 1+ 1+1 227 60 5.6
II- 8 B 0-200-100 1 2 22 238 90 39 5.1+2 9 51+ 272 85 5.1+
II- 9 B 0-200-200 1 2 30 151 85 39 5.32 26 100 181 55 5.1+
11-10 B 100- 0- 0 1 1 22 151 67 39 5.32 9 27 181 1+9 5.1
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Treatment, Sample Available Nutrient
n 2 5 2v
(lba./acre)
■T O l ' l U U F X " <?a Mg HfTa PH
11-11 B 100- 0-100 1 1 22 130 85 39 5.12 6 54 181 71 5.3
11-12 B 100- 0-200 1 1 30 151 85 43 5.22 7 91 136 49 5.3
11-13 B 100-100- 0 1 3 22 151 35 5.52 7 27 136 49 5.4
11-Hi B 100-100-100 1 2 26 216 97 39 5.32 7 54 227 60 5.3
n -15 B 100-100-200 1 2 22 151 67 43 5.22 6 50 136 55 5.2
11-16 B 100-200- 0 1 2 30 86 71 43 5.12 120 27 227 60 5.0
11-17 B 100-200-100 1 2 26 151 136 35 5.42 7 50 22? 60 5.3
11-16 B 100-200-200 1 1 30 280 199 39 5.12 20 100 317 97 5.4
11-19 B 200- 0- 0 1 1 22 173 169 392 4 27 136 32 4.5
11-20 B 200- 0-100 1 1 26 130 228 352 4 104 136 60 4.5
11-21 B 200- 0-200 1 2 26 173 138 35 5.32 4 104 136 49 5.2
11-22 B 200-100- 0 1 2 39 151 155 35 5.22 9 32 181 71 4.8
11-23 B 200-100-100 1 2 39 151 155 35 5.32 7 54 136 67 5.1
11-24 B 200-100-200 1 1 30 173 165 35 5.22 20 131 136 49 5.0
11-25 B 200-200- 0 1 1 39 86 165 35 5.02 4 36 136 60 5.0





Period ~ T " K Mg H e pH
11-27 B 200-200-200 1 2 26 173 155 42 5.32 7 82 181 55 5.2
III- 1 B 0- 0- 0 1 2 30 173 210 39 5.22 6 ia 227 78 5.2
III- 2 B 0- 0-100 1 2 30 194 147 39 5.42 6 101+ 227 71 5.4
III- 3 B 0- 0-200 1 1 30 173 112 35 5.22 6 127 227 85 5.3
III- 4 B 0-100- 0 1 1 30 194 138 35 5.32 6 1+1 227 71 5.3
III- 5 B 0-100-100 1 1 30 173 169 43 5.22 10 59 227 85 5.4
III- 6 B 0-100-200 1 2 35 194 165 43 5.32 10 95 181 85 5.3
III- 7 B 0-200- 0 1 1 3° 194 175 39 5.42 7 Ci 272 90 5.4
III- 8 B 0-200-100 1 2 26 194 151 35 5.22 14 50 272 97 5.3
III- 9 B 0-200-200 1 l 30 194 125 35 5.22 34 77 272 60 5.3
111-10 B 100- 0- 0 1 1 35 130 108 30 5.12 4 ia 227 78 5.0
III-ll B 100- 0-100 1 1 30 151 108 35 5.22 4 45 181 90 5.3
III-12 B 100- 0-200 1 2 35 151 102 30 5.1
- — ~ 2 1* 82 136 60 5.3
111-13 B 100-100- 0 1 1 30 173 138 30 5.12 7 36 227 85 5.3
III-Ik B 100-100-100 1 1 35 130 129 30 5.32 14 54 227 78 5.2
111-15 B 100-100-200 1 1 26 238 195 35 5.42 11 91 227 78 5.3
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Fertilizer
Treatment, Sample Available Nutrient/ • N-P20£-K20
(lba./acre)
Period F TTa Mg ffa pH
III-16 B 100-200- 0 1 1 30 173 138 35 5.32 24 32 227 71 5.1
111-17 B 100-200-100 1 1 26 173 147 35 5.32 21 50 272 108 5.3
III-18 B 100-200-200 1 1 30 173 143 35 5.32 17 82 227 97 5.4
111-19 B 200- 0- 0 1 1 35 194 129 35 5.32 9 36 181 60 5.2
III-20 B 200- 0-100 1 2 26 151 129 30 5.42 6 54 227 49 5.0
III-21 B 200- 0-200 1 1 39 238 188 30 5.32 3 50 317 85 5.2
II1-22 B 200-100- 0 1 1 39 173 195 30 5.32 15 18 136 29 4.9
II1-23 B 200-100-100 1 1 30 173 188 30 5.22 3 27 227 38 5.3
III-2U. B 200-100-200 1 1 17 194 143 35 5.52 14- 18 181 25 5.2
111-25 B 200-200- 0 1 1 22 194 155 30 5.32 21 82 181 25 5.2
111-26 B 200-200-100 1 2 22 173 147 35 5.32 24 41 227 38 4.8
III-27 B 200-200-200 1 1 26 173 175 35 5.22 3 50 227 38 5.0
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